bright hardened stainless sells! 


you can really sell bright hardened stainless and other high alloy steels, because 
they save money for your customers. 


this has been demonstrated by the people at Syracuse Heat Treat Co., Syracuse, 
N. Y. In the two years since they installed this ‘Surface’ high temperature muffle 
furnace, they have sold their customers savings—cost cut $1.87 on one part 
... hand stoning operation cut from 30 to 5 minutes on another . . . delivery 
in half the previous time . . . tighter specifications met. 


and you earn yourself, as the Syracuse people found out, because the furnace 
delivers parts clean and bright, and eliminates costly, time-consuming descal- 
ing operations. The market is good for the premium product this furnace 
permits. Why not tap it now? 


SEND FOR BULLETIN SC-173 © SURFACE COMBUSTION CORPORATION + 2377 DORR ST., TOLEDO 1, OIG Surface 


Surtace ® Heat Treat, Stee! Mill, Glass Divisions *« Kathabar® Air Conditioning Division ; Mat TREATING EQUIPMENT 
Janitro!® Heating and Air Conditioning Division « Janitrot® Aircraft-Automotive Division 
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Tool Life Increased With New Steel, by J. Y. Riedel 


A new chromium-molybdenum toolsteel has been developed with improved shock 
resistance and service life in both hot and cold work applications, (TS) * 


Metallography of a Space Traveler, by C. R. Simcoe 


The structure of metallic meteorites, the only known objects on earth which have 
traveled through space, can provide some clues to the environment of long-range ballistic 
missiles and earth satellites. (N general, Fe, Ni) 


Machining Hard and Brittle Materials, by R. C. Hall 


The laboratory equipment necessary to cut or machine hard or brittle materials by the 
electric spark method is simple and ee to build. Metal removal rate is low 


but the cut surface is free from burrs and strain. (G 17) 


The Reduction of Ore to Metal, by L. M. Pidgeon 


Four methods have been widely used in the past, but each has its limitations. One very 
ancient method reappears, wherein one reactive metal displaces a less active one from 
a chemical compound, Magnesium and calcium are most effective as such reducing 
agents, and this article — the first of three — will discuss their utility. (C general) 


Prediction of Drawing Properties From Tensile Tests, by E. N, Ludington 
The load required to draw cylindrical cups and the maximum reduction possible can be 
predicted quite accurately bas the ultimate tensile properties of the original sheet. 
(G4, Q 24) 

The Bainite Transformation, by R. F. Hehemann and A. R. Troiano 


Published information (sometimes contradictory) about this solid-state reaction and the 
resulting metastable phase has been critically reviewed and assessed in the light of 
recent findings by the authors. (N 8, ST) 


Gallium, by H. P. Bonebrake 


Gallium, which will melt in the hand, does not boil until it reaches 3600° F. This 
characteristic is one of its most useful properties. (Ga) 
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Octagonal 2B Retort provides 


uniform tumbling action 


“PAYS OFF" 


Thermalloy* Retorts pay off with longer service life 


Thermalloy high-alloy Retorts retain structural 
strength and resist atmospheric attack at ex- 
tremely high temperatures. 

For example, at a large ball and roller bearing 
company, Thermalloy octagonal retorts, similar 
to the one shown in the above illustration, gave 
30% more wear life. 

Thermalloy is not a single alloy, but a group 
of tough heat-resistant alloys developed specifi- 
cally to meet a specific high heat-treat problem. 


Wherever heat-treat parts are highly or indeter- 
minately stressed . . . subject to thermal fatigue 
... Thermalloy pays off in longer service life 
with less maintenance. 

Let us show you how our engineering skill 
and design experience on furnace and heat-treat 
parts can save you money! Contact your local 
Electro-Alloys representative or write Electro- 
Alloys Division, 7002 Taylor Street, Elyria, Ohio. 

*Reg. U.S. Pat. Off. 


HEAT-RESISTANT CASTINGS * TRAYS + MUFFLES » CONVEYOR BELTS + RETORTS * RADIANT TUBE 
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Metal Progress 


Automatic Ratio Control for Endothermic Gas Generators, by H. N. Ipsen 


A new instrument for automatic control of air and gas ratio fed to endothermic gas 
generators assures accurate control of composition of the output gas. (] 2, S 18) 


Critical Points 


Research Into Metals—by Producers and Consumers 


Visits to Battelle Memorial Institute, the new General Motors Research Center, U.S. 

Steel Corp.’s new laboratories near Pittsburgh, and Westinghouse’s research center and 

eo plant for metals manufacture reinforce the Editor's impression of the large sums 
ing spent for research and the rewarding results. 


Biographical Appreciation 


William Justin Kroll — 1955 Recipient, Albert Sauveur Achievement Award, by Earl T. Hayes... . 


Light Metallurgy 


“Plates Will Be the Death of Me,” by D. Carb 


Book Review 


Electric Melting — Its place in the Economic Scheme, by E. C. Wright 


The reviewer assesses “Electric Melting and Smelting Practice” by A. G. E. Robiette 
as the most complete and detailed summary of electric furnace design, operation, heat 


balances and costs that he has seen. 


Data Sheet 
Heat Treatment of Welded Alloy Steels 


Recommended procedures for 12 low and high-alloy steels used for pipe work, pressure 
vessels, tubes, turbine parts and chemical plant. 


Correspondence 


Should High-Strength Parts Be Prestressed?, by R. E. Kemelhor 


Rather than prestressing of bomb rack hooks, one reader prefers close attention to stress 
concentration points, and control of heat treating, plating and stress-relieving procedures. 


Only a Delay in Delayed Cracking, by Harold Bernstein 


Further experience with cracking in rolled titanium alloys. 


The Greeks Haven't Named It, by Robert S. Rose 


A correction in the composition of A.M.S. 5616 B and an objection to its current name. 


Digests of Important Articles 
Welding Aluminum and Its Alloys 
Springback Control in Bending 
Application of Rare Earths 
Substructures in Ferrite 


Substitute for Wrought Nickel and 
Nickel-Clad Materials 


Cracking in Mild Steel Welds 
Measurement of Machinability 
Boron’s Function in Hardening Steel 


Wedge Specimens Reveal Hardness 
Penetration in Toolsteels 


Blast Furnace Construction by Welding 


Case Hardening Accelerated by Cyclic Stresses 
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Brittleness in Copper-Antimony Alloys 
Factors Affecting Extrusion Force 
Notched-Bar Properties of Ship Plate 
Evaluation of Cumulative Fatigue Damage 
Gear Tooth Wear 


Rubber Forming Nonferrous Alloys 
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...it’s what goes with it! 


You get more than just ammonia 
when you order from Allied. You get: 


ASSURED SUPPLY. Allied has 3 plants — at Hopewell, Va., 
South Point, Ohio and Omaha, Nebraska — all producing to the 
extremely high standards originally set for industry by Allied. 
FAST DELIVERY — even on short notice. Each plant is located on water, 
key rail lines and highways in the heart of the heaviest consuming areas. 
FINEST TECHNICAL SERVICE. Allied has an accumulation of ammonia 
know-how unequalled in the industry! Its technical service group 
can bring you the benefit of many years experience gained from 
participation in all types of production cnd research programs, 

Do you have an ammonia problem — service, delivery, research? 
Write or phone us today. 


Dept. AA 1-16-2 


Ethanolamines + Ethylene Oxides Ethylene Glycols Ureas Formaidenhydes U. F. Concen- 
trate—685 Anhydrous Ammonias Ammonia Liquors Ammonium Sulfate+> Sodium Nitrate 
¢ Methanol « Nitrogen Tetroxide « Nitrogen Solutions « Fertilizers & Feed Supplements 


40 Rector Street, New York 6, N. Y. 
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r Is really surprising the atomic 
growth of new chapters in the 
AS.M. Some of them are the result 
of nuclear activity whereby they fis- 
sion from the larger bodies. 


The first real fission occurred in the 
annals of the Society some 25 years 
ago when the New Jersey contingent 
of the New York Chapter decided they 
would like to walk alone. They did it 
with remarkable success. Just recently 
a group in Long Island branched from 
New York and organized a chapter. 

As we look back over the new chap- 
ters springing from the old, we find 
Detroit gave birth to four: Saginaw 
Valley, Toledo, West Michigan and 
Jackson. 

Chicago, early in its career, assisted 
in the formation of the Calumet 
Chapter. Recently, the Chicago-West- 

ern Chapter has sprung full-grown from the parent body. 

Last week's mail brought to the board a petition for the formation of a 
chapter in Wilmington, with more than 75% of the members currently 
belonging to the Philadelphia Chapter. We understand that another chapter 
is branching off from Philadelphia in the territory of Trenton, although 
the petition for a charter has not yet arrived at headquarters. 

The Carolinas Chapter has been instrumental in the development of 
new chapters in the Old South and Savannah. 

The Pittsburgh Chapter is fathering a new group in Beaver Valley, and 
Los Angeles is cooperating in the formation of a chapter in the San 
Fernando Valley. 

It is very gratifying to note the fine spirit that is being exhibited by all 
the parent chapters, to a man. They have cooperated in every possible 
way, granting every known assistance, so that the new chapter is able to 
grow strong and healthy. No parent chapter has suffered from a fission. 
In every instance the parent has become a greater bulwark of education 
and help to the community it serves. 


While the weather is warm, air-conditioning facilities have developed to 
the point where my biennial! visits with chapter officers are progressing with 
speed and comfort. At these group meetings we invite the newly elected 
chairmen and vice-chairmen to meet at a central point (representatives of 
about ten chapters meet at each location) to discuss experience and plan 
the future work of the chapters. By the time this column reaches you, 
group meetings will have been held in Winston-Salem, Cincinnati, Boston, 
Philadelphia, Chicago, Kansas City, Cleveland, Rochester, Indianapolis, 
and Detroit. As the readers of the column know, the California and Pacific 
Northwest chapters (including Canada) were visited during the winter. 

It is really a thrill to meet with the officers of our AS.M. chapters and 
observe the spirit of enthusiasm and hard work they exhibit in the conduct 
of chapter business. There is no question at all that the strength of the 
A.S.M. lies in the strength of its chapters. One need only sit in a conference 
—such as has been my pleasure during the past few months—to realize that 
the AS.M. is a mighty fortunate organization in having attracted to its 
service the high-caliber men who so faithfully serve the Society and its 
members. 


Before signing off I wish to alert you to the Cleveland convention, which 
will be held Oct. 6 through 12. Those dates will be here before you know it, 
so you should make your plans now to attend. There will be top-notch 
technical papers and more than 450 exhibitors will display their products 
and processes for your observation. 


Cordially yours, 


W. H. Ersenman, Secretary 
AMERICAN SOCIETY FOR METALS 


AUGUST 1956 


Solventol Helps Solve Plant Layout Problems 


to tre in 


You can see how 


material movements for greater efhciency 


ing machine 


Solventol service to metal cleaning goes beyond 
high quality cleaning compounds and highly 


efficient metal cleaning equipment. 


This Solventol service is typical of what you 


get when Solventol’s metal cleaning compounds 
and equipment are on the job in your plant 


Solventol offers scale models so you can 


Now, 


visualize the size and floor 
space requirements for Solventol’s metal clean- 


_ Metal Cleaning 


more effectively 


Call Solventol for Metal Cleaning Service. 


Detroit 3, Michigan 


SOLVENTOL CHEMICAL PRODUCTS, INC. 
15841 Second Boulevard 


Designed for 


Ae wae saying... 
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FIELDS OF RESEARCH AND 
EMPLOYMENT OPPORTUNITY AT 
WORLD-FAMOUS LOS ALAMOS 


Los Alamos Scientific Laboratory is operated 
by the University of California for the U. S. 
Atomic Energy Commission 
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Theoretical Physics and Mathematics 

In the field of theoretical physics, the Laboratory carries on 
studies of nuclear theory, equations of state, mathematical analy- 
sis methods, hydrodynamics problems and various aspects of 
applied mathematics. The Theoretical Division is also concerned 
with the conceptual design of nuclear weapons, and supports 
many non-weapons activities such as the nuclear reactor and 
propulsion programs. The equipment used includes the Los 
Alamos-developed Maniac, the Maniac Il, two IBM 704's and 
an IBM 701. 


Experimental Nuclear Physics 

Much of the work in experimental physics is concerned with 
nuclear properties of various materials. Fundamental studies are 
made of nuclear forces, neutron and charged-particle reactions 
and cross sections. Experimentation in controlled thermonuclear 
reactions is assuming increasing importance. Among the facilities 
available are three Van de Graaffs, two Cockcroft- Walton ma- 
chines and a variable energy cyclotron. 


Electronics and Instrumentation 

The Laboratory is engaged in the design and development of 
nuclear physics research instruments, scintillation counters, fast 
pulse amplifiers, multi-channel analyzers, fast oscilloscopes, 
radiation detection instruments, electronic controls and control 
systems, and high-speed cameras which operate at 15 million 
frames per second. Electronics specialists also assist in the design 
of digital computers and of instruments for studying nuclear 
and thermonuclear detonations. 


Nuclear Reactor Research 

In connection with the peacetime applications of nuclear energy, 
the Laboratory is currently developing several advanced power 
reactors of unusual design. In addition, two research reactors 
are available for experimental studies. The remotely controlled 
critical assembly machines, known as Topsy , Godiva and Jezebel, 
constitute neutron research tools of a unique character. 


Nuclear Propulsion 

The Laboratory is actively engaged in the application of nuclear 
energy to the new and challenging field of self-propelled mobile 
reactors. There are studies in progress relative to engine design, 
heat transfer, controls and instrumentation, 


Chemistry 

Research in chemistry is devoted largely to inorganic and phys- 
ical studies, especially of materials such as uranium, plutonium, 
deuterium and tritium used in nuclear energy systems. Radio- 
chemical methods are applied in various investigations, Much 
work is being done on reaction kinetics, the effects of radiation 
on chemical reactions, complex ion formation and the determina- 
tion of heats of combustion and solution, Extensive analytical 
studies include the use of a great variety of instruments, as well 
as the techniques of microanalysis. 


Metallurgy and Metallurgical Engineering 

Research activity and development in this field includes investi- 
gation of the metallurgical properties of materials used in nuclear 
energy systems; studies of extremely refractory substances, ce- 
ramics, cermets and plastics; the behavior of materials under 
extremely high temperatures and high pressures; studies of the 
properties of plutonium and its alloys, with increasing reference 
to their use in reactors, and of uranium and its alloys; develop- 
ment of fabrication techniques for various metals and alloys; 
and the high temperature properties of refractory metals tungsten, 
molybdenum, columbium, etc. 
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Weapons Physics, Design and Testing 

Still the nation’s principal institution for nuclear and thermo- 
nuclear weapons research, the Laboratory takes nuclear weapons 
from the concept stage to proved performance as determined by 
field tests. Activities in weapons research and development in- 
clude the mechanics and dynamics of initiating a nuclear energy 
release; the behavior of supercritical systems; the testing of 
nuclear devices and weapons assemblies in Nevada and in the 
Pacific, engineering design of tests and prototypes of nuclear 
systems; and the design and development of nuclear weapons 
components and the techniques for their manufacture. 


Explosives Research and Development 

Work in this field includes study of fabrication, storage and 
stability problems of explosives; making and evaluating novel 
organic chemical compounds of possible use as explosives; 
mechanics and dynamics of explosive phenomena; and physical 
and chemical properties of explosive material using mass spec- 
trometer, infra-red spectrometer, X-ray equipment and other 
analytical techniques. High explosives are employed in research 
on equations of state and shock wave phenomena. 


Mechanical Engineering 

Design and development work is carried on in connection with 
weapons design, field test facilities, the power reactor and pro- 
pulsion programs, servo-mechanisms and remote control sys- 
tems. High explosives systems are designed and manufactured, 
Other types of work are estimating, cost analysis and liaison 
between architectural engineers and contractors. 


Chemical Engineering 

Chemical engineering work includes studies of heat transfer, 
fluid flow, solvent extraction, evaporation, distillation and sys- 
tems at extreme temperatures and pressures. Problems supporting 
inorganic and physical chemistry research projects are also under- 
taken. Other activities are the remote control handling of radio- 
active materials and corrosion and erosion studies, 


Electrical Engineering 

Much effort is devoted to the design of induction heating sys- 
tems for study of alloys at extremely high temperatures; of DC 
power supplies at currents up to 100,000 amperes; of servo- 
mechanism controls for nuclear reactors; and of high magnetic 
field systems. Work is done in planning, building and installing 
power distribution systems and their controls. 


The Laboratory now has staff openings for technically 
qualified people interested in these fields of research and 
development. For additional information address your 
inquiry to 
Director of Personnel 
Division 1117 


alamos 
scientific laboratory 


Of THE UNIVERSITY OF CALIFORNIA 
LOS ALAMOS, NEW MEXICO 
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Above—After deep drawing, tub is polished, buffed and 
ready for shipment. 


Left—in a single operation, a circular steel blank is drawn 
into a tub. This is a 50% reduction. 


Below—Installed in the Speed Queen Automatic Washer, the 
stainless tub adds sales appeal, will last a lifetime. 
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ductility... 


Volirath makes 
stainless steel 
washer tub in 

one deep draw 


The Vollrath Company, Sheboygan, Wisconsin, 
makes a quality line of special stainless steel products 
for many industries including chemical, dairy, food 
processing and appliance. 


One of the most interesting products, from a fabri- 
cating standpoint, is a stainless steel washer tub made 
for the Speed Queen Automatic Washer. 


Vollrath craftsmen start with a circular blank of 
Republic ENDURO Stainless Steel, Type 430. Then, 
in a single operation, they draw the blank into a tub. 
What makes it unusual is the extremely deep draw in 
which the diameter of the blank is reduced 50%. This 
is proof of ENDURO’s ductility. 


But, uniform ductility is only one advantage of 
ENDURO. It offers a combination of mechanical, 
heat-resisting and corrosion-resisting properties that 
no other commercial metal can match. And it is not 
difficult to fabricate, just different. 


Republic produces ENDURO Stainless and heat- 
resisting steels in bars, slabs and billets, forging 
blanks, cold drawn shapes, plates, sheets, strip, tubing, 
tube rounds, wire and welding rod. 


Our metallurgists and machining specialists will 
help you apply ENDURO to your product or process. 
There’s no obligation. Mail the coupon if you would 
like one to call at your plant. 


STEEL 


and Steck Produc 
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HERE'S PROOF OF MACHINABILITY — This spiral milled shaft is the 
heart of a ratchet-type screw driver. It bears the full load of the 
twisting operation. Excellent machinability of Republic Cold Drawn 
Steel helps the manufacturer achieve uniform high quality in each 
shaft. Cold drawing provides additional benefits in improved 
physical properties, 


WHERE'S PROOF OF CORRO- 
SION-RESISTANCE A pro- 
ducer of ice trays and grids 
increased anodizing rack 
life 100 times by switching 
from aluminum to Republic 
Titanium. Its stubborn resist- 
ance to most forms of chemi- 
cal attack, and total resist- 
ance to salt woter make 
Republic Titanium an eco- 
nomical long-term invest- 
ment. Investigate Republic 
Titanium for your parts that 
must withstand severe 
service, 


HERE'S PROOF OF STRENGTH AND TOUGHNESS — This oxle performs 
double duty. It drives a lift truck and bears the full weight of what- 
ever is being lifted, including loads up to 100,000 pounds. By taking 
full advantage of Republic Alloy Steel's superior strength and resist- 
ance to fatigue, shock and stress, the manufacturer insures safety, 
extends equipment life, cuts maintenance and replacement costs. 


REPUBLIC STEEL CORPORATION 
Dept. C-2060 
3188 East 45th Street + Cleveland 27, Ohio 


D Have a stainless steel metallurgist call. 
Send more information on: 


0 ENDURO® Stainless Steel 
Titanium 


0 Cold Drawn Steels 
0 Alloy Steels 


Name Title 


Company 
Address 


7Zone.._ State. 


VA 

| | 

| 

| 

| 

| 

| | 
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R. W. Cheek 
Manager, Induction 
Heating Department 


Westinghouse 
induction heating 


doubles axle 


1. A single operator surface-hardens 6 rear-axle 
shafts at each setup of this Westinghouse induction 
unit. Production per hour totals 210 shafts. 


“Three different axle-hardening applica- 
tions,” reports R. W. Cheek, “show a slice of 
Westinghouse experience in solving produc- 
tion line heat-treating problems. Dependa- 
bility of Westinghouse induction equipment, 
for example, protects production timing and 
holds maintenance to a minimum. Results 
are measured, too, in three important profit 
advantages.” 


1. Twice the axle fatigue life is obtained 
from lower cost, plain carbon steels. No 
more need for costlier alloys. 


2. Lower carbon steels lengthen tool life... 
reduce machining and replacement costs. 


8. Axle shaft distortion is minimized by 
rapid induction heating and quenching. 
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2. As many as 33 axle shafts up to 42 inches long 
and weighing up to 100 lbs. are surface-hardened by 
this Westinghouse induction equipment. 


Many other factors, such as savings in floor 
space, rapid start-up, and cooler more pro- 
ductive working conditions add to the high 
efficiency of each installation. 


A profit return for you? Westinghouse in- 
duction - heating experience can show you 
production problems turned into profitable 
solutions for hardening, annealing, join- 
ing, or forging. Why not call on your local 
Westinghouse industrial heating sales engi- 
neer? He’ll bring you expert problem solving 
and complete service. Westinghouse Electric 
Corporation, Industrial Heating Division, 
Meadville, Penna. J-10456 


The Westinghouse Heat-Treating Family 
GAS ELECTRIC INDUCTION 
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BRL 


3. Westinghouse general-purpose induction scanner 
handles shafts up to 30 inches long, 80 lbs. weight, 
for surface-hardening and quenching. 


WATCH 


WESTINGHOUSE! 


COVER THE PRESIDENTIAL CAMPAIGN 
ON CBS TV AND ARAD/O! 


fatigue strength ... lowers cost 
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Versatility of furnace brazing is shown in these Thin sections can be joined to heavy sections to produce 
applications. Complex assemblies like the cam-and- light-weight rigid structures without sacrificing strength 
gear cluster on the left can be fabricated from or inducing local distortion. Honeycomb structure at top 
punched laminations brazed securely in a General center weighs about one fourth as much as solid assembly 
Electric mesh-belt furnace. Required contours are ob- of same rigidity. It is typical of design improvements 
tained without expensive machining from solid stock. made possible by brazing in General Electric furnaces. 


Continuous production of small parts in this General Electric 
mesh-belt furnace is carried out by loading assemblies directly 
on the belt. Protective atmosphere equipment, at right, elimi- 
nates need for flux in most cases, keeps parts clean enough to be 
passed directly from the furnace, without cleaning or pickling. 


GENERAL ELECTRIC SELLS = 
A COMPLETE LINE OF \ 
HEAT PROCESSING EQUIPMENT F 


FURNACES + METAL-SHEATH INDUCTION Cylindricol Pit 


Automatic charging, and discharging and return con- 
veyors of this General Electric roller-hearth furnace 
make it almost self-operating, reduces handling 
costs. G-E roller-hearth furnaces handle heavy 
assemblies and are well suited for automated lines. 


” 
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Two or more metals can be joined, as 
in the bellows housing shown above. The 
steel flange is furnace-brazed to a brass 
shell, using preplaced rings of silver 
brazing alloy. The desirable qualities of 
each metal are retained. 


Development work is done in this 
General Electric box furnace, which 
could also be used for job-lot produc- 
tion. Low in first cost, General Electric 
box furnaces need little maintenance. 


Produce Complex Assemblies 
Faster and at Less Cost with 


General Electric 


General Electric furnace brazing speeds 
production of really ‘“‘tough’’ assemblies 
and often does it at less cost than you 
can do it by your present methods. 


For example, here are three types of 
work where you can improve production 
with furnace brazing. 


You can make complex assemblies from 
already formed components, and save 
both material and machine costs. 
You can make assemblies of two or more 
different alloys without changing the 
desirable characteristics of either. 
You can join thin sections to heavy sec- 
tions without sacrificing strength or in- 
ducing local distortion. a 
These characteristics of furnace brazing 
can be used in a number of widely 
different production setups. And General 
Electric’s complete line of furnaces and 
associated equipment lets you pick the 
proper furnace to introduce furnace braz- 
ing into your particular setup——econom- 
ically, efficiently. 
Cost reductions are typical with furnace 
brazing because labor content per assem- 
bly goes down while output goes up. 
Waste is reduced since assemblies can be 
built up of components instead of being 


Furnace Brazing 


machined from solid stock. Uniformity of 
results frequently leads to reduced in- 
spection costs. 

Improved products are the rule with 
furnace brazing. Life of assemblies is in- 
creased because joints have high strength, 
resist vibration and impact, and are uni- 
formly tight. Assemblies show little or 
no distortion, since they are free from 
localized strains. They present a good 
finished appearance without afterwork 
because the brazing alloy forms neat 
fillets. Also protective furnace atmos- 
pheres eliminate formation of oxides and 
do away with the need for flux in most 
cases. 

Increased production over other joining 
methods is possible, since many joints 
can be brazed simultaneously. Furnace 
brazing is adaptable to continuous pro- 
duction, with increasing output. 

For a careful analysis of your furnace 
brazing needs call your General Electric 
Heating Specialist. Ask him to show you 
how you can benefit by using furnace 
brazing. You can reach him at your local 
General Electric Apparatus Sales Office. 
If you prefer, send in coupon below for 
bulletins describing furnace brazing oper- 
ations and equipment. 


GENERAL ELECTRIC 


FREE PROCESS BULLETINS 


Section C721-8, 
General Electric Company 
Schenectady 5, New York 


NAME 


Cylindricol Bell 


Please send me free bulletins checked below. 


MODERN HEAT PROCESSING BULLETINS 
C) Furnace and Induction Brazing, GEA-5889 
Protective Atmospheres, GEA-5907 


TECHNICAL BULLETINS 


C) How and Where to Use Furnace Brazing, GEA-3193 
C) Electric Furnace Brazing, GER-106 
C) Furnace Brazing of Machine Parts, GER-339 


STATE 


Electronic induction 
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Safety! Extremely low voltage 
makes CORRTHERM elements 
completely safe. Let operator 
or work load bang it if they will. 
Neither element nor operator 
will be hurt. 


CORRTHERM elements act as 
natural baffles to direct forced 
convection streams through the 
charge. The use of electric 
furnaces for carburizing and 
carbonitriding is now practical. 


In continuous type furnaces 
CORRTHERM elements hang 
between lines of work as well 
as on side walls. Note how 
closer corrugations (at each 
end of element) compensate 
for incoming cold work and 
door losses. 
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NEVER BEFORE ANY ELECTRIC ELEMENT 
LIKE THIS NEW ONE LINDBERG 


On the opposite page is a photograph of Lindberg’s new 
CORRTHERM element for electric heat treating furnaces. You can 
see how radically advanced this element is over anything now used. 


Wherever electricity is the preferable source of heat for metal treat- 

/ ing the CORRTHERM element now makes its use practical, efficient 

| and economical. 

P And this includes carburizing and carbonitriding furnaces, too! 
Problems created by the use of electricity in these types of furnaces 
are well known. CORRTHERM elements eliminate them completely. 
These facts tell you how and why: 


| LOW VOLTAGE: Operates at extremely low voltage. No leakage 
| through carbon saturation. Around Lindberg we talk about it as the 
electric element “without any electricity...to speak of!” 


ATMOSPHERE CIRCULATION: Elements act as baffles to direct 
circulation of convection streams. 


SAFETY: Extremely low voltage also eliminates shock or short hazards. 


DURABILITY: Watts density at all-time low. Element practically in- 
destructible. Work load or operator’s charging tool can’t hurt it. 


EASILY INSTALLED: Element is not enclosed, just hangs in furnace. 
No complicated mountings required. 


CORRTHER\M, Patent No. 2694740 (other patents pending), was 
developed in Lindberg laboratories, by Lindberg metallurgists and 
engineers. To find out just how its advantages can be applied to your 
heat treating processes get in touch with your Lindberg Field Repre- 
sentative. (See classified phone book.) 


LINDBERG COMPANY 


2448 West Hubbard Street, Chicago 12, Illinois 
Los Angeles Plant: 11937 Regentview Ave., at Downey, California 


by LINDBERG 
| 


No retort needed in pit-type 
carburizing furnace with 
CORRTHERM elements. Again 
see how elements serve as 
baffles to direct forced convec- 
tion stream through charge. 


| 
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Photo Courtesy The B. F. Goodrich Company 


Up to a 2 Million Pound “Squeeze” with an 
Olsen Super "L” at The B. F. Goodrich Co. 


To ensure complete safety, The B. F. Goodrich Com- 
pany subjects entire aircraft wheel assemblies to 
tortuous forces of compression far in excess of any 
encountered in service. The instrument of this ‘‘life 
saving" torture is a 500,000 ib. capacity Olsen 
Super ‘‘L'' Compression Testing Machine. 

In spite of its size and capacity, this giant Olsen 
hydraulic machine offers the same operating ease 
and accuracy of all Olsen Super ‘'L's''—including 
the SelecBrange Indicating System and a minimum 
of 50 to 1 spread of testing ranges. With a flip of 
the SelecBrange switch, the operator can instantly 


change ranges during test—no need to “calculate” 
the range capacity beforehand. All ranges have the 
same zero setting. Loads are clearly indicated on 
the large, 28-inch illuminated Selecbrange dial. 
Loading speeds are infinitely variable from zero to 
the capacity of the machine. These and many other 
exclusive features account for the unmatched su- 
periority of Olsen Super “L'’ Compression and Uni- 
versal Testing Machines. 

It will pay you to get the facts about the com- 
plete line of Olsen Super ‘L's’. Write today for 
Bulletin 47. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 


2030 EASTON ROAD 


. WILLOW GROVE, PA.. 


Testing and Balancing Machines 
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Black cutting cil (left) makes close control difficult. Operators dislike dirty operating conditions it 
creates. Close control is easier and workers are happier with transparent Sunicut cutting oil (right). 


WHY USE A BLACK CUTTING OIL 
WHEN YOU DON’T NEED IT? 


Sunicut oils give you better visibility 
without sacrificing machining efficiency. 


When trying to maintain close control over 
machines producing precision parts, operators 
can be handicapped by “black-oil blindness”. 
It is hard to see the tools, the workpiece, and 
the finishes. Checking close tolerances is diffi- 
cult when the graduations on micrometers and 
gauges are obscured. 

Worse still, as the operator sees it, are the 
dirty working conditions caused by dark oils, 
His clothes get saturated with hard-to-remove 
stains, and his hands are black from one end 
of the shift to the other. 


Transparent Sunicut oils help keep your op- 
erators happy and will make close control easier 
...and transparent Sunicut oils will do the job 
with no sacrifice in machining speed or finishes. 

To get the full story on Sunicut oils, see your 
local Sun representative, or write Sun OL 
Company, Philadelphia 3, Pa., Dept. 1-41. 


“SUNOC 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPAN Y PHILADELPHIA 3, PA. 


IN CANADA: SUN OIL COMPANY 


LIMITED 


TORONTO AND MONTREAL 


& 
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For any machining or grinding operation... 


THERE’S A SUN OIL THAT'LL GIVE YOU 
HIGH EFFICIENCY AND LOW OVER-ALL COST 


No two machine shops have exactly the 
same problems when it comes to selecting 
cutting oils...even when they’re running 
the same job. And, until somebody comes 
up with the truly universal cutting oil, you 
can’t afford to disregard the importance of 
oil selection. Here’s how Sun can help you. 

First, Sun makes a complete line of emul- 
sifying and straight cutting and grinding 
oils. Second, your Sun representative, 
backed up by field engineers, has the nec- 
essary practical experience to recommend 


the oil that will give you both high machin- ° 
ing efficiency and low over-all costs. 


For the full story about Sun’s cutting 
oils, see your Sun representative...or write 
Sun O1t Company, Philadelphia 3, Pa., 


Nom 


® 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPAN Y PHILADELPHIA 3, PA. 


IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL 
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Re Dept. I-42. 


PeaH LOW-HYDROGEN ELECTRODES 


— free report shows how 


If you have tough jobs that require high strength you money in many ways. Yet they reduce weight 


welds, stainless steel rods are NOT the only and make better products. There's a lot more in- 
answer. In fact, you can save up to 80% of stain- formation in this report. Read about actual tests 
less steel rod costs, by using P&H low-hydrogen for production quality, quality control, impact 
electrodes. In addition, P&H low-hydrogen elec- tests, supervision, and many other operations, 
trodes meet rigid tests for use with problem steel. Send in coupon today for FREE report! 


In thecomplete, impartial report offered here, you 
will find that P&H low-hydrogen electrodes save A N | Cc H E G 
MILWAUKEE 46, WISCONSIN 


I'M SMOOTHARC SCOTTY... 
with news on money-saving welding 

methods used by a big company. 
this detailed, impartial 
report ... It's 


HARNISCHFEGER CORPORATION 
Welding Division 
4549 W. National Avenue, Milwaukee 46, Wis. 
Attention: W. R. Stephens, Sales Manager 
I am interested in Report No. 5409. 
Please send me my copy. 


Tithe 


tne was 


P&H welding equipment is manufactured and sold in Canada by REGENT EQUIPMENT MANUFACTURING COMPANY LTD., 455 King Street West + Toronto, Onterio, Consde 
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NOW complete, | 


authoritative 


records of 
hi-temp creep 
and stress- 


rupture tests 


. No longer need creep and stress rupture data be incomplete 
. inadequate. The Riehle testing machine can be fur- NEW 8-page bulletin 
nished with high-temperature creep extensometer and , 
Riehle-built autographic creep-time recorder. Accordingly, describes ‘‘package’’ 
each test furnishes complete, authoritative information. testing machine... 
The Riehle Creep and Stress-Rupture Testing Machine is _ 
usually furnished with temperature controller, furnace, local instrumentation ay. 
wiring and other necessary components — fully ready to op- ».«. accessories “= sain 0: 
mo erate. Its design can accommodate a wide range of acces- 
a : sories and instrumentation to insure maximum versatility. 


This machine is the product of the very best in modern 
engineering technology and fabricating practice. 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-856, East Moline, Iilinois 


Please send free, your new 8-page Bulletin RR-13-56 con- 
taining full data on the “complete package” Riehle Creep 
and Stress-Rupture Testing Machine, instrumentation and 
accessories, 


Riehle TESTING MACHINES 


A DIVISION OF 


American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 


COMPANY 


AOCORKESS 


city ZONE STATE 


ATTENTION MR 
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Corrosion Tester 


A new instrument to measure the 
rate of corrosion in all types of metals 
subjected to the corrosive effects of 
various liquids or gases has been 
announced by Labline, Inc. The cor- 
rosion tester is a sensitive electronic 
Wheatstone bridge circuit. Probes 
have one protected corrosion strip 
and one exposed corrosion strip. 


Automatic temperature compensation 
is obtained from the protected strip. 
The corrosion on the exposed strip 
causes the meter to indicate directly 
in micro-inches of corrosion. Probes 
holding the protected and unpro- 
tected metals are available in all 
types, for long or short test periods, 
for high or low temperature testing 
and for any service. 


For further information circle No. 287 
on literature request card, page 48-B. 


Automatic Ladling Unit 
A new ladling unit for aluminum 
which makes possible fully automatic 
processing of many types of castings 
has been an- 
nounced by the 
Lindberg-Fisher 
Div., Lindberg 
Engineering Co. 
The unit is man- 
ufactured of spe- 
cial refractory 
materials, and is 
so arranged that 
the molten metal 
being ladled can- 
not come in contact with any metal 
structure. The basic pump has no 
moving parts, check valves or other 
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new products 


devices. The automatic ladling unit 
operates on the principle of a pres- 
surized chamber, the size of the shot 
depending upon both the time of pres- 
sure application and the pressure. 
Ladled metal is withdrawn from be- 
neath the surface of the bath. 


For further information circle No. 288 
on literature request card, page 48-B. 


Refractory Cement 

A new aluminum oxide cement has 
been announced by Electro Refrac- 
tories & Abrasives Corp., to provide 
a more heat-resistant, longer-lasting 
lining for indirect are-type electric 
furnaces. The aluminum oxide is said 
to hold up much better under high 
temperatures and slag attack than 
the mullite-base cements commonly 
used in these furnaces for melting 
ferrous and nonferrous alloys. The 
linings weigh from 500 to 1000 Ib. 
The material can also be used for 
patching existing furnace linings. 
For further information circle No. 289 
on literature request card, page 48-B. 


Powdered Metal Press 


A new 300 ton hydraulic press for 
use in compacting parts from metal 
powders has been announced by the 


United States Graphite Co. The press, 
which weighs 50 tons, is fully auto- 
matic and possesses multiple action 
features which permit the pressing 
of parts having a difficult H shape 
cross-section or other unusual design 
details. It was designed and built by 
Baldwin-Lima-Hamilton. 


For further information circle No, 290 
on literature request card, page 48-B. 


Chromium Plating 
A new large capacity 
plating unit designed to 
plate large size metal forming and 
plastic molding dies has been an- 
nounced by the Dawson Corp. The 
unit has a plating tank 15 by 30 by 


chromium 
especially 


30 in. It is equipped with two 3000 
watt electric immersion heaters and 
a heavy gage steel water jacket which 
provide accurate control of the plat- 
ing bath through an adjustable 
thermostatic temperature control. 
The fully equipped rectifier, which 
provides a 300 amp. d.c. output to the 
plating bath, operates on a standard 
200-volt, 3-phase, 60-cycle, a.c. con- 
nection. 


For further information circle No, 291 
on literature request card, page 48-B. 


Brazing Strip 

A new form of silver brazing alloy 
—expanded and rolled strip-—has 
been announced by Handy & Har- 
man. The principal advantage of the 
expanded strip is weight reduction, 
which is of particular importance in 
assemblies for aviation service, such 
as honeycomb structures, propeller 
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TEMPERATURE 


TIME, SECONDS 


1. Quenching Speed. There are two basic types of 
quenching oils...straight mineral oils and compounded 
high-speed oils. If you can get the microstructure and 
hardness you need and have no distortion problems 
with a straight mineral oil, then it’s the type to use. 
If you're not getting the results you want, increased 
agitation may help. If increased agitation doesn't help, 
or isn't practical, you should use a high-speed oil. 


2. Naphthenic vs. Paraffinic. Both types of oil are used 
for quenching. Both have their own inherent advan- 
tages. Naphthenic oils keep oil coolers cleaner when 
the temperature of the oil doesn’t exceed 150 F. A 
fully dewaxed paraffinic oil gives the most satisfactory 
results at temperatures over 150 F. As a rule, when all 
other operating factors are equal, the temperature 
of your oil bath tells you which type of oil to use. 


the difference quenching oils? 


3. Thermal Stability. This is the biggest single factor 
influencing the useful life of a quenching oil. The 
higher the temperature of the oil bath, the shorter the 
life of any given oil. As mentioned before, at tempera- 
tures over 150 F it takes a stable, fully dewaxed paraf- 
finic oil to give the most satisfactory results. For 
maximum useful life at temperatures over 200 F you 
will probably need a specially inhibited quenching oil. 


4. Other Considerations. When quenching from a salt 
pot, use a straight mineral oil. Don’t use an oil con- 
taining lard oil or other vegetable or animal fats. The 
salt carried into the oil on the parts will cause these 
fats to saponify and form oil-thickening grease. For 
bright quenching, experience shows that a straight 
mineral oil will give the best over-all results. For the 
most part, a straight oil will give cleaner parts longer. 


These facts are nothing more than a guide to help you select the quenching oil best suited 
to your particular needs. To arrive at the final answer, there’s no substitute for experience. 
Sun's representatives, backed up by Sun’s metallurgical staff, have that experience. And, 
they're backed up by a complete line of quenching oils, paraffinic or naphthenic, regular 
or high-speed, straight or inhibited. Sun makes them all. For more information, see 
your Sun representative or write Sun Ou. Company, Philadelphia 3, Pa., Dept. MP-8. 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY 


PHILADELPHIA 3, PA. °c 


IN CANADA: SUN OIL COMPANY LIMITED, TORONTO and MONTREAL 
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blades and other large components 
customarily assembled by brazing. 
The expanded silver alloy is produced 
by expanding conventional solid strip 
and then rolling the resulting grid 
down to the specified uniform thick- 
ness. Expanded strips up to 12 in. 
wide in precision thicknesses down 
to 0.003 in. can be supplied. 


For further information circle No. 292 
on literature request card, page 48-B. 


Fatigue Testing 

An automatic program controller 
for Baldwin-Sonntag fatigue testing 
machines has been announced by 
Baldwin-Lima- 
Hamilton Corp. 
Load levels can 
be set on any 
value up to ma- 
chine capacity. 
On the SF-1-U 
machine the rate 
at which the load, 
either static or 
dynamic, can be 
changed by the 
programmer is 
approximately 
500 lb. per min. 
Duration of the 
application of 
each of the ten 
load levels is determined by an elec- 
tronic cycle counter which can be 
set by means of six decade (10-posi- 
tion) ewitches. Sequencing is deter- 
mined by a three-position sequence 
selector switch. In the first position, 
the 10 load steps are repeated in the 
order of 1 to 10. The second position 
takes the steps from 1 to 10, then 
10 to 1 successively. The third posi- 
tion provides for random order of 
load steps, permitting 20 selections 
of load levels in any order and 
sequencing them. The number of 
sequences is preset on a sequence 
counter which provides for a maxi- 
mum of 9999 sequences. 
For further information circle No. 293 
on literature request card, page 48-B. 


eee 


Chromium Plating Additive 

A chromium plating additive has 
been announced by the Chromium 
Chemicals Div. of Diamond Alkali 
Co. The new catalyst is designed for 
both decorative and hard-chromium 
plating applications. In replacing a 
portion of the sulfate used in conven- 
tional chromium plating solutions, 
Diamond CPA 1800 is reported to 
speed-up and simplify chromium- 
plating operations. Principal bene- 
fits claimed include faster plating, 
broader operating range of plating 
solution, and greater covering power. 
CPA 1800 is also claimed to make 
possible the electrodeposition of 
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brighter and harder chromium coat- 
ings, to simplify anoding in hard- 
chromium applications, and to 
improve the metallurgical character- 
istics of chromium plate. 

For further information circle No. 294 
on literature request card, page 48-B. 


Core Paste 

A new Fastick liquid core paste 
for foundry use has been announced 
by Frederic B. Stevens, Inc. The 
features of the original Fastick which 
have been retained are high tensile 
strength, low gas evolution, fast dry- 
ing, low cost and uniform ready-to- 
use packaging. The new product is 
more viscous and the nonsettling 
feature has been improved. Fastick is 
a replacement for clamps and backing 
substance with shell and process mold 
halves, as well as resin bonded and 
conventional sand cores. 


For further information circle No. 295 
on literature request card, page 48-B. 


Ceramic-Tipped Tool 

A new ceramic-tipped cutting tool 
has been announced by Raybestos 
Div. of Raybestos-Manhattan, Inc. 
The oxide-base ceramic tip is bonded 
to a steel shank; ordinarily ceramic 
bits are clamped in a holder. The 
Keramik cutting tool is being offered 


in a standard size of % by % by 3% 
in. with a lead angle of 7 deg. With 
this tool no cutting oils are necessary. 
The cutting tip runs cool, and chips 
will not weld to it. Because of low 
thermal conductivity, there is no 
build-up on the cutting edge and no 
cratering. In addition, the Keramik 
cutting tool is nonabsorbent and un- 
affected by corrosion. 


For further information circle No. 296 
on literature request card, page 48-B. 


Flaw Detection 

A new high resolving transducer 
for detection of small flaws close to 
the specimen surface has been an- 
nounced by the Industrial and Scien- 
tific Products Div. of Curtiss-Wright. 
It will also differentiate between two 
defects in the same area. When a 10 
Mc/s, % in. dia., high resolution 
transducer is used with a suitable 
instrument, it is possible to detect 
a round plane flaw 0.0017 sq. in. in 


FUTURE in 
ATOMIC POWER 


Atomic power, we feel, offers out- 
standing opportunity for an en- 
gineer or scientist to grow pro- 
feasionally. It's new enough so 
that the work is challenging; still 
it’s well enough established so 
that a capable man can make 
real progress. 

If you are interested in a non- 
routine position that will use all 
of your education and experience, 
we suggest you investigate the 
future with the leader in Atomic 
Power. At Bettis Plant, there 
are select positions open for 
specially qualified: 


® PHYSICISTS 
® MATHEMATICIANS 


METALLURGISTS 
© ENGINEERS 


Write for the booklet ‘“To- 
morrow's Opportunity TODAY” 
that describes opportunities in 
your field. Be sure to indicate 
your specific interests. 


Write: Mr. A. M. Johnston 
Dept. A-53 
Westinghouse Bettis Plant 
P. 0. Box 1468 
Pittsburgh 30, Penna. 


BETTIS PLANT 


Westinghouse 


FIRST IN ATOMIC POWER 
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often copied—never equalled 


...and in high speed steels, 
nothing has ever equalled REX 


Crucible’s REX® high speed steel is in a class by itself 
—has been for more than half a century. And it gets 
better every year. New improvements in manufacturing 
techniques have brought even greater uniformity and 
quality to its well-known properties. 

But prove this for yourself —shop-test the new REX 
in your own plant. Check its structure, uniformity, 
response to heat-treatment — all-around tool perform- 
ance. Try REX any way you like — you'll see for 
yourself why the new REX is still the standard for 
comparison in every high speed steel application. 

You can get REX from stock from your nearby 
Crucible warehouse—or promptly by direct mill deliv- 
ery. For further information on REX and the many 
other Crucible special purpose steels, send for the 
Crucible Publication Catalog—it’s yours for the asking. 
Crucible Steel Company of America, The Oliver Build- 
ing, Mellon Square, Pittsburgh 22, Pa. 


[cRU C | R LE] first name in special purpose steels 


Crucible Steel Company of America 
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area at a distance of only 0.1 in. 
below the top surface of an aluminum 
specimen. 

For farther information circle No, 297 
on literature request card, page 48-B. 


Turbo Blowers 

A new line of turbo blowers for 
supplying air to gas and oil burners 
has been announced by Hauck Mfg. 
Co. The blowers are equipped with 
aluminum impellers and hubs in 
balanced impeller assemblies. Blower 
casings are of fabricated steel with 


spun steel head having circular re- 
inforeing rings. They are driven by 
standard open-frame ball-bearing 
motors. Blowers are made in a large 
number of sizes from 250 c.f.m. at 
8 oz. pressure to 2650 c.f.m. at 24 
oz. pressure. 


For further information circle No. 298 
on literature request card, page 48-B. 


Electronic Potentiometer 

A new electronic potentiometer, 
equipped with a pneumatic trans- 
mitter which sends a 3 to 15 psi. 
signal proportional to the measured 


variable, has been announced by the 
Bristol Co. The transmitter is avail- 
able in either potentiometer or bridge 
circuits, and will measure any vari- 
able which can be translated into an 
electrical quantity. It then converts 
the measurement into a universal 3 
to 15 psi. pneumatic signal for trans- 
mission to a remote pneumatic indi- 
eator or recorder or 
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controller. It is possible to present 


cosity, pH and resistance, along with 


on literature request card, page 48-B. 


Lacquer 


automatic 


measurements such as speed, vis- 


more conventional measurements. 
For further information circle No, 299 


Fidelity Chemical Products Corp. 
has announced a new multiple pur- 
pose lacquer for metals. This new 
coating saves time during the coating 
operation by eliminating the need for 
switching from one lacquer to an- 
other when a different metal is to be 
finished. Clear lacquer No. 100 is 
colorless and has good adhesion. It 
forms a tough film which offers resist- 
ance to perspiration, corrosion, stain 
spotting, sulphur and heat and cold. 


For further information circle No. 300 
on literature request card, page 48-B. 


Heat Treating Equipment 

A new radiant tube, clean hard- 
ening furnace has been announced 
by Standard Fuel Engineering Co. It 
is also recommended for annealing, 
carburizing and for other atmosphere 
work. Vertical alloy radiant tubes are 
easily replaced from the top of the 
furnace. A high velocity alloy fan 
for recirculating the atmosphere is 


the unit. 


the roof of 
Through the use of roller chains and 


located in 


sprockets, the door is raised and 
lowered from a drive located at the 
base of the furnace. The door, al- 
though fully sealed with asbestos 
gaskets, is in addition inclined to pro- 
vide a natural friction seal. A gas 
curtain is provided and its operation 
is automatic. 


For further information circle No. 301 
on literature request card, page 48-B. 


Foundry Tests 

The Harry W. Dietert Co. has an- 
nounced a precision testing device 
for making the standard American 
Foundrymen’s Society clay determi- 


nation test. This procedure calls for 


the removal of all particles which 


precision strip 
for electronics 
applications 


From 0.0005 in. to 0.040 in, 
thick and 0.090 to 6 in. wide, 
these alloys are available as 
special-tolerance strip: 


Beryllium Copper 
Phosphor Bronze 
Nickel Silver 

Brass 

Chromium Copper 
Stainless 17-7PH 
Invar 

Magnetic: High Nickel 


Some immediately available. 
Others rolled to order in 2 
to 21 days. Can be supplied 
in coils or straight lengths 
with slit or filed edges — 
also cadmium plated. 


Write for Bulletin 7 
TODAY. 


SALES OFFICES 


New York Philadelphia 
H.G.WILLIAMS J. A. RHODES 
Rameaey, N. « Upper Darby, Pa, 


Boston 
F.G. STROKE 


Cleveland 
L. D. ALSPACH 
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RANDOLPH 
SALES CO 
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High Frequency Furnaces. Norton MAGNORITE Cement 
is engineered to provide maximum heats per lining. It 
gives extra long service life at er to 3250°P, 
its high-rammed density resists metal penetration, erosion 
and chemical attack, and it is free from shrinkage cracks. 


ON TIME! 


...with melt 


after melt 


Norton Refractory ’s help maintain 
hot metal schedules, reduce shut-downs, 
in your furnaces 


Norton ALUNDUM*, CRYSTOLON*, MAGNORITE* and 
FUSED STABILIZED ZIRCONIA refractory materials are 
engincered for longer, lower cost service and pre- 
scribed for better processing in many foundry appli- 
cations. 

For R's that will improve your own processing 
call in your Norton Refractories Engineer. Or write 
to Norton Company, Refractories Division, 327 
New Bond Street, Worcester 6, Mass. In Canada: 
A. P. Green Fire Brick Co., Ltd., Toronto 5, Ontario. 


*Trade-Marks Reg. U.S. Pat. Of. and Foreign Countries 


NORTON 


REFRACTORIES 
Engineered... R ... Prescribed 
wleking better products. ..to make your products better 


Low Frequency Furnaces. Foundries melting nonferrous metals 
and malleable iron report longer life from linings of Norton aLuNDUM 
cement, This high-melting, long-lasting cement is also prescribed for 
use in holding ladles and desulphurizing ladles. 


Cupola Furnaces. For back slagging cupolas the Norton R is 
CRYSTOLON slag hole blocks. For capping the notch and lining the 
slag chute in front slagying « upolas, use CRYSTOLON bricks and cement, 
CRYSTOLON material is extremely resistant to attack by cupola slags 
thus providing needed protection in these critical areas, 


Crucible Furnaces. Both the cover of this tilting crucible fur- 
nace and its cement lining are made of crysrowon refractory ma- 
terial, engineered for the user’s particular needs. crysToLon linings 
offer effective protection against flame erosion and thermal shock in 
many different furnace applications, 


NORTON PRODUCTS, Abrasives * Grinding Wheels « Grinding Machines + Refractories 
BEHR-MANNING PRODUCTS: Cocted Abrasives Sharpening Stones + Behr-cat Tapes 
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settle in water at a rate of less than 
1 in. per min. The Autoclay is fully 
automatic, incorporating two solenoid 
valves for filling and syphoning, an 
electronic control device to govern 
the height of water in the container, 
and a relay sequence circuit to con- 
trol the timing and initiate the in- 
dividual operations. The syphoning 
and filling of the container require 
no attention from the operator as 
these operations are completely auto- 
matic. Agitation takes place every 
time the wash jar is refilled. 

For further information circle No. 302 
on literature request card, page 48-B. 


High Vacuum Pump 

Kinney Mfg. Div. has announced a 
new small version of its KMB two- 
stage mechanical! booster high vacuum 
pump. The new model maintains uni- 
formly high pumping speeds over a 
wide range of pressures and, since 
no liquid sealant is used in the first 
stage, delivers clean high vacuum. 
Power requirements are low. The 
unit consists of a water-cooled, lobe 
type rotor pump and motor and an 
air-cooled compound and 
motor. A baffled interstage connec- 
tion is provided between the two 
pumps and both pumps and motors 


are mounted on a common base. The 
unit operates automatically from at- 
mospheric pressure down to 0.1 
micron (0.001 mm. Hg) MeLeod. 
After the compound pump roughs the 
system from atmospheric pressure to 
50 mm. Hg, an automatic control sets 
the high speed lobe unit in operation 
and closes the integral bypass valve. 
A pumping speed of 150 c.f.m. is 
maintained broad pressure 
range from 200 to 3 microns. At 0.1 
micron, pumping speed is 95 c.f.m. 

For further information circle No. 303 
on literature request card, page 48-B. 


over a 


Combustion Tube Furnace 
A new 4 kw. electric resistance 
element furnace accommodating one 
combustion tube up to 5 in. o.d. with 
maximum furnace temperature of 
2750° F. is offered by Laboratory 
Equipment Div. of Lindberg Engi- 
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neering Co. In addition to its use as 
a standard tube furnace, the unit can 
be easily modified for use as a high 
temperature pot furnace or a con- 
stant temperature source for optical 
calibrations. Heat is supplied by eight 
silicon carbide heating elements hav- 
ing an effective heating length of 8&8 
in. The large size tube allows use of 
furnace for production runs of small 
parts and is available with water 
jacketed Inconel tube assembly for 
heat treating applications up to 2150 
F. requiring protective atmosphere. 

For further information circle No. 304 
on literature request card, page 48-B. 


Miniature Thermocouples 
Thermo Electric Co. has announced 
an expanded line of miniature pro- 
tected Constructed 
with stainless steel protection tubes, 


thermocouples. 


these units were especially designed 
for use in gases and liquids highly 
corrosive to thermocouple materials. 
Because of their 
weight, they are also well suited to 
pilot plant and other limited space 
applications, They are calibrated in 
iron-constantan, 


small size and 


copper-constantan 
and chromel-alumel with three 


temperature ranges from 300 to 
+ 1600° F. By welding the hot junc- 
tion directly to the protection tube 
both sensitivity and rapid response 
have been retained. Outer diameter 


RADIANT TUBES 


SAVE YOU MONEY 
SS 


PSC “Thin-Wall” sheet-alloy radiant 


tubes will cost you less than cast alloy 


tubes. Comparative quotations will im- 


mediately reveal the substantial savings. 


And, with dies on hand for many common- 


ly used sizes of return bends, we can fre- 


quently save our customers this important 


cost also. Scores of installation records 


attest to their longer service life. Precis- 


ion assembled in any design or dimen- 


Also sheet-alloy heat-treating re- 


torts and covers, boxes, baskets, fixtures, 
tubes, etc. We invite your inquiries. 


Send for Heal Treat Catalog 54 


PRESSED STEEL | 


Wilkes-Barre, Pa. 
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FINKL 


SPECIAL 


Die Blocks withS 


Machining time, such as planing, rough cutting, 
milling, hand benching and burring are appreciably reduced on Fink! 
SMO Die Blocks. Thorough field testing shows that the Special Machin- 
ing characteristic of SMO saves shop time and gets the die into produc- 
tion sooner. 

Phere is a Finkl steel available for any forging need. All are quality 
controlled through each step from our own melt shop to final inspection. 
When you next consider die blocks, your local Fink! representative 


will gladly help you plan for “impressions that last.” 


Offices: DETROIT « CLEVELAND « PITTSBURGH « INDIANAPOLIS 
HOUSTON « ALLENTOWN « ST. PAUL *« COLORADO SPRINGS 
SAN FRANCISCO SEATTLE BIRMINGHAM KANSAS CITY 
Warehouses: CHICAGO + BOSTON « LOS ANGELES 


2011 SOUTHPORT AVENUE: CHICAGO 14 
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of the tubes ranges from 1/16 to 
% in. 

For further information circle No. 305 
on literature request card, page 48-B. 


Flow Alarm 


A flow alarm which provides vibra- 
tion-proof operation has just been 
announced by Fischer & Porter Co. 
It uses two snap- 
action electrical 
contacts, hermet- 
ically sealed in a 
glass tube, which 
are drawn  to- 
gether to set off 
the alarm by pas- 
sage of a mag- 
netic float exten- 
sion rod. The 
switch can be po- 
sitioned in the 
mounting frame 
either above or 
below the mag- 
net in the float ex- 
tension rod to give 
a signal for either high or low limits 
of flow. The most important applica- 
tion for the flow alarm is in water or 
oil cooling lines for large machines. 


For further information circle No. 306 
on literature request card, page 48-B. 


Automatic Finishing 

A new bypass mechanism auto- 
matically controlling nine or more 
complete metal finishing processes on 
a single anodizing or electroplating 
machine has been announced by 
the Hanson-Van Winkle-Munning Co. 
Control is from a dial on the carrier 
arm that moves parts through proc- 


essing tanks. As unfinished parts are 
loaded on the carrier, the machine 
operator sets the dial for the process- 
ing steps through which the load is 
to move. Automatic conveying does 
the rest, lowering parts into the pre- 
scribed tanks, bypassing others, ac- 
cording to the dial settings. A series 
of limit switches and_ solenoid- 
operated setdown flippers control the 
action of the carrier. 


For further information circle No. 307 
on literature request card, page 48-B. 
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Grinding Compound 

A new compound for diamond 
wheel grinding of carbide tools and 
other specialized grinding operations 
has been announced by the 
tional Chemical Co. The high de- 
tergency of this new coolant elimi- 
nates gum formation on the grinding 
wheel and table which would retard 
free hand movement in off-hand 
grinding operations. It also precipi- 
tates grinding dust quickly and com- 
pletely, regardless of the amount of 
stock removed. Compound No. 48 is 
an amine nitrite-type concentrate 
which dissolves in water to form a 
stable, transparent solution at all 
working concentrations. It can be 
re-used and has anti-rust properties 
that provide temporary protection. 
For further information circle No. 308 
on literature request card, page 48-B. 


Interna- 


Kirksite Melting Furnace 

A nose-tilting Kirksite melting fur- 
nace with 25,000 lb. capacity, 76 in. 
in diameter by 37 in. deep, has been 
announced by Bellevue Industrial 
Furnace Co. The nose-tilting feature 
eliminates the necessity of a deep pit, 
since the ladle rests on the same floor 
level as the furnace. This melting 
furnace will remelt large obsolete 
scrap dies without the necessity of 


cutting up the dies first. The furnace 
has remelted 200,000 Ib. of obsolete 
scrap dies weighing 18,000 to 19,000 
Ib. each in 4 days. Ten-ton dies have 
been poured. 

For further information circle No, 309 
on literature request card, page 48-B. 


Electrolytic Salt 

Virgo® electrolytic salt for clean- 
ing gray iron castings has been an- 
nounced by Hooker Electrochemical 
Co, Containing a new additive, the 
salt renders such castings and related 
materials, free of sand, scale, graph- 
ite and other surface impurities. The 
new salt is for use in those processes 
involving the molten bath operated 
in the 900° F. range, followed by a 
cold water quench and a hot rinse. 


ACCURATE TEMPERATURE READINGS, 


WHEREVER 
WHENEVER 
tele 
PORTABLE 
PYROMETERS sy WEST 


These rugged, handy precision-built 
instruments are widely used for tak- 
ing spot readings where permanent 
installations are needless and for 
checking other instruments. Each 
mounts a Veri-Tell high resistance 
pyrometer in a gasketed aluminum 
housing, itself contained in practical 
Oak Case with lock and handle. 
Quick, positive service is assured by 
binding posts for attaching thermo- 
couple. Automatic meter shunt pro- 
tects meter when case is closed. 
Fully guaranteed and surprisingly 
low priced. Write for Catalog IE-1. 


British Plant: WEST INSTRUMENT, LTD. 
52 Regent St., Brighton |, Sussex 
Represented in Conoda by UPTON, BRADEEN & JAMES 


Many standard and special thermo- 
couple assemblies including hand 
probes are available to permit read- 
ing— 

e Surface temperature of dies, etc. 


@ Temperature of non-ferrous mol- 
ten metal 


e@ Immersion temperature of hot oil, 
wax, solder pots, etc. 


ASK YOUR DEALER 


4357 W. Montrose + Chicago 41, fil. 


27 


CORPORATION 


SAVE YOURSELF TIME AND TOOL CHARGES 
with Anaconda multiple-plunger press products—in a wide choice of metals 


If you need parts like these in quan- 
tity, The American Brass Company 
can save you time and money. 
Through its specialized experience 
—and thousands of stock tools—it 
may save tool charges, too. 


Ferrules, grommets, eyelets, deep- 
drawn cups and shells, and thou- 
sands of other intricate, close-toler- 
ance parts made from strip metal 
are everyday business. American 
Brass Company design engineers 
and toolmakers have earned an en- 
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viable reputation for cutting costs 
and performing the almost impos- 
sible in design and production. 


Your choice of metal: Such fabri- 
cated products can be furnished in 
copper, brass, bronze, nickel silver, 
nickel, iron, steel, stainless steel, and 
aluminum — in a wide variety of 
finishes. 


Standard products: For a selection 
of more than 1000 eyelets of com- 
mon sizes and styles, as well as eye- 


lets kept in stock for immediate 
shipment, write for Catalog BG-L. 


Special products: Just send a sam- 
ple, drawing, or description, to- 
gether with the quantity you need, 
the metal to be used, and other per- 
tinent information. Address: The 
American Brass Company, Water- 
bury Brass Goods Division, Water- 
bury 20, Conn. 


ANACONDA 


MULTIPLE-PLUNGER PRESS PRODUCTS 


METAL PROGRESS 


A SHORT CUT TO A FINISHED PRODUCT 


No acid is required but, while in the 
bath, the work to be cleaned is sub- 
jected to an electrolytic current 
supplied by a d.c. generator. 


For further information circle No. 310 
on literature request card, page 48-B. 


Endothermic Generator 

A laboratory-size endothermic 
generator has been announced by 
Ipsen Industries, Inc. This electrically 
heated generator is designed for the 


small scale heat treatments usually 


required in the laborztory or tool 
room heat treat department. Rated 
output is approximately 150 c.f.h. 


of endothermic atmosphere gas. 


For further information cirele No. 311 
on literature request card, page 48-B. 


Testing Machine 

Baldwin-Lima-Hamilton Corp. has 
announced the introduction of an 
all-electric testing machine which 
automatically cycles tension and com- 
pression loads. Loading is measured 
and controlled by Baldwin SR-4 load 
cells which are based on the electrical 
principle of the SR-4 bonded resist- 
ance wire strain gage. Strain cycles 
are controlled by limit switches on 
platen movement. These switches 
reverse the direction of the electric 
motor drive of the machine, the actual 
movement being read on a dial indi- 
cator in thousandths of an _ inch. 
Strain readings are taken at 250 and 
500-lb. loads during the fourth cycle. 
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Load measurements are made on the 
lowest of four scales (0 to 1000 Ib.) 
which has 2-lb. graduations on a 
66-in. scale. 

For further information circle No. 312 
on literature request card, page 48-B. 


Ovens 

A new line of four junior sized 
utility ovens for small batch drying, 
curing, baking, processing, heat treat- 
ing, product control and sample test- 
ing have been announced by New 
England Oven and Furnace Co. The 
models have approximately 2 by 2 by 
2 ft. oven interior dimensions, but 
vary in temperature ranges from 100 
to 1000° C. A true forced air recircu- 
lating system is maintained within 
the oven chamber through use of a 
fan and controlled intake and exhaust 
vents. A_ shielded heating element 
prevents radiant over-heating and 
aids in a more even temperature con- 
trol throughout the chamber. 


For further information circle No. 313 
on literature request card, page 48-1 


Cold Heading 


A new solid die, double stroke cold 
heading machine with production 
rates ranging from 300 to 450 screw 
or rivet blanks per minute has been 


announced by the Waterbury Farrel 
Foundry & Machine Co, Features of 


the new machine include horizontal 


shifting punches, toggle actuated gate 
mounted on rods, friction roll feed, 
individually adjustable punch holders, 
cam operated shifter and cut-off, 
magnetic brake, sturdy cut-off and 
transfer lever, all shafts mounted in 
roller bearings, centralized lubrica- 
tion system and variable speed drive. 
For further information circle No. 314 
on literature request card, page 48-B. 


Protective Coating 

A new vinyl! plastic protective coat- 
ing that can be sprayed or brushed 
on paint spray booths has been an- 
nounced by Klem Chemicals. It can be 


ENGINEERING COMPANY 


5140 N. 35th Street, Milwaukee 9, Wis. 


. . for measuring industrial gases 
Here at last is the truly modern 
flo-meter that offers important and 
exclusive advantages for every user. 
1. Easy to clean. No tools are needed 

for disassembly . . 


can be completely 
9 


cleaned and reassembled in 2 minutes, 
2. Easy to read. 6” scale gives extra 
visibility. Exclusive Waukee tabs 
identify in large red letters gas being 
measured. Eliminates mistakes. 
3. Built-in control valves. Operators 
can easily see flow change. 
4. Easy to mount. Can be panel mounted 
. . piping is simpler, installation 
costs less. 


For additional 
bulletin #201. 


information request 


te 
| | 
_MWAUKEE 
measuring 
oir 
* ammonia 
+ dissociated 
ammonia 
* butane 
* city gos 
* endothermic 
6) 
+ propane 
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PHOSPHOR BRONZE — the ultimate refinement of Man’s oldest metal — 
is indispensable to our daily living. In motors, switches and other electrical 
devices ; in all types of springs; in marine fittings and equipment; in paper- 
making machinery; in radio, TV, and electronic units this tough, resilient 
and corrosion resistant alloy is a long-lived, dependable component. 


America’s purest phosphor bronze — in sheet, wire and rod forms — bears 
either of these two marks. 


SEYMOUR 


THE SEYMOUR MANUFACTURING COMPANY e SEYMOUR, CONNECTICUT, U.S.A. 
(Parent company to The Phosphor Bronze Corporation) 
for the finest Nickel Silver —- Phosphor Bronze — Brass 
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peeled off removing paint deposit with 
it and leaving the booth clean. Zip 
Kote can be applied to other equip- 
ment. 


For further information circle No. 315 
on literature request card, page 48-B. 


Spring Tester 

A tester for both general purpose 
and high quantity production testing 
of small compression and extension 
springs for loads and deflections has 


been announced by Carlson Co. The 
capacity of the tester is % oz. to 25 
lb. for spring lengths to 5 in. and 
diameters to 1% in., with a guaran- 
teed accuracy of 0.25% 

For further information circle No. 316 
on literature request card, page 48-B. 


Instrument Console 

A new console form of instrument 
localization, used in conjunction with 
environmental test equipment, has 
been announced by Tenney Engineer- 
ing, Inc. The new console is a unit- 


in-itself with all switches, dials, and 
contacts mounted on the front for easy 
control and more accurate operation. 
It can be placed at a distance for any 
operation which involves danger. 

For further information circle No. 317 
on literature request card, page 48-B. 


Coating for Aluminum 


This Fenn Model 082 Tandem Rolling Mill is in operation at the 
Continental Steel Corporation, Kokomo, Indiana, and is an excellent 
example of modern, high speed, precision wire flattening. With this 
mill, Continental reports production speeds of 400 FPM to 1200 FPM. 
Wire sizes run ranged from 0.5 in. x .130 in. at 1600 Ibs., per hour 
down to .197 in. x .024 in. at 600 Ibs., per hour. 

In addition to its precision operation and compactness the Model 
082 mill features a one piece bed, automatic loop regulator, power 
screw-downs, friction-driven edger, electronic gaging, and hydrauli- 
cally traversing take-up reel. 

Whatever your requirements for rolling ferrous and nonferrous 
metals in sheets, strips, wire 
or rod, it will pay you to in- 
vestigate the Fenn line of 
Precision Rolling Mills. Fenn 
engineering service is avail- 
able at all times to help you 
solve any rolling problem. 


Wire and Tube 
Drawing Machines 


A conversion coating for aluminum 
and zinc designed to meet specifica- 
tion MIL C-5541 has been announced 


by Oakite Products. The new product FENN MANUFACTURING COMPANY 504 Fenn Road Newington, Connecticut 


Precision Wire 
Rolling Mills Turks Heads Mills Swaging Machines 
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MICROVAC mechanical pumps 
for high capacity, low maintenance 


Ideal for use as rough- 
ing pumps, or as sole 
sources of vacuum in 
applications not re- 
quiring diffusion 
pump performance. 

ew design features 
assure fast pumping, 
high capacity, effi- 
ciency over wide pres- 
sure range. Trouble- 
free operation is 
by fail-safe 
design, intake screen 
filters, double-spring 
exhaust valves. Write 
for Catalog 751 for 
complete information. 


100% 

faster pumping— 
with Stokes Ring-Jet 
diffusion pumps 


Major advance in diffusion pump design increases 
capacities, shortens vacuum pumping cycles, 


COMPLETELY DIFFERENT design concept makes it possible for Stokes 

Ring-Jet diffusion and booster pumps to provide high vacuum 
pumping performance never before possible. Instead of a single jet 
cone, these pumps have a ring of jets. This construction increases 
cross-sectional area of the air path... retains short distance to the 
condensing surface. 


The result: for a given size of pump, the Ring-Jet design increases 
pumping capacity from 10% to more than 100%. Pumping speeds are 
substantially higher in the critical ranges. A 6-inch Stokes Ring-Jet 
booster can evacuate 760 cfm at 50 microns, 1400 cfm at 15 microns. 
The pump can also operate against higher forepressures. At normal 
heat input, the 6-inch booster is rated at 2.4 mm.; the 16-inch diffusion 
pump, 0.35 mm. 


This increased efficiency cuts pumping cycles, permits use of smaller 
mechanical roughing pumps. It puts added value into many types of 
vacuum processing equipment... such as metallizers, vacuum fur- 
naces and exhausting systems. Both diffusion and booster pumps are 
available in a range of sizes from 4 to 16 inches. For specifications, 
or for a consultation on your high vacuum application, call your 
nearest Stokes office. F. J. Stokes Machine Company, Vacuum Pump 
Division, 5508 Tabor Road, Philadelphia 20, Pa. 
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on this 19-441 model 


the stainless steel 


trim is 


handsome! 


after 15 years 


oF continual use 


and exposure 


The photog aphs of the ca: ore varetouched 


yves- Stainless Steel! 


serves best on any automobile! 


Fifteen long years... but only a good start in life for 
ever-bright stainless steel the beautiful metal that out 
lasts the car! @ Today's automotive stylists specify 
stainless for its service-proved strength and corrosion 
proof brilliance, and a substantial portion of the in 
dustry’s orders for stainless calls for coils of SUPERIOR 
Stainless Strip Steel precision made, uniform in every 
desired composition, temper and finish 


= | 
\_, 
| Superior Steel 


Steel 


for Ore, Coal, Limestone, Water 
along the Norfolk and Western 
is the plant site for you! 


You can build a steel mill along the N&W The water is adequate for the needs of a steel 
and be “next door” to coal and limestone. mill of any logically conceivable size. 
You can build directly alongside the water you We have eye-opening data on exceptional 
need. You can avail yourself of short-haul location sdvansanes far steel millc. WE IN- 
advantages in transporting ore from the big, VITE YOU TO TONPER Ae OUR FINDINGS 


modern Port of Norfolk. 
The coal is the world's finest Bituminous, and Our plant location specialists will work with 


the supply is virtually unlimited. you in confidence and without obligation. 

_ The limestone is top-grade. . . dolomites and The advantages outlined are exceptional. 
high-caleium ... the largest sources east of Investigate them. 
the Mississippi. 


Write, Wire or Call: 


INDUSTRIAL AND AGRICULTURAL DEPT. 
Drawer MP-724 (Telephone 4-1451, Ext. 474) 
land of ili i Norfolk and Western Railway 
THE SIX GREAT Stare, ROANOKE, VIRGINIA 


AND 
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is said to impart resistance against 
corrosion and to improve paint adher- 
ence. The coating becomes integral 
with the treated metal surface. If 
the surface should be damaged, it 
confines corrosion within the area of 
the exposed metal—corrosion does not 
creep under the undamaged paint to 
cause blistering. It may be applied in 
either tank or washing machine. 

For further information circle No, 318 
on literature request card, page 48-B. 


Conveyors 

Cooney Industries, Inc., has an- 
nounced a new heavy-duty conveyor. 
It will handle hot forgings, heavy 
awkward-shaped objects and parts 
with slick surfaces. It comes equipped 


with casters and handles placed on 
each side so it may be rolled from 
job to job or it may be used in 
stationary locations. Wire mesh belt 
is available in a variety of weaves and 
with any spacing and size of flight. 
For further information circle No. 319 
on literature request card, page 48-B. 


Quench Tank 


A new air-operated quench tank 
has been announced by Waltz Furnace 
Co. This unit is hot dipped galvanized 
and consists of one tank within the 


other. The space between the two 
tanks is used as an overflow space for 
water on the quench tank and for 
storage and cooling on the oil tank. 
A pump is provided on the oil tank 
for circulating the oil. The pump 
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for prompt service and delivery on 
INDUSTRIAL WIRE CLOTH 


with mesh openings 


from this 


to this 


in 9 weaves 

in any metal or alloy 
in bulk or 
fabricated parts 


The Cambridge 

Wire Cloth Co. 

Dept. B * Cambridge 8, Md. 


OFFICES IM PRINCIPAL INDUSTRIAL CiTlEs 


LET US FILL your next 
order for wire cloth in any 
mesh or weave. Call your 
Cambridge Field Engineer 

he’s listed under “Wire 
Cloth” in your classified 
telephone book. OR, 
WRITE DIRECT for 
FREE 80-PAGE CATA- 
LOG and stock list giving 
full range of wire cloth 
available. Describes fabri- 
cation facilities and gives 
useful metallurgical data. 


~ 
~ 
| 
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now, Crucible low nickel stainless steels 


that meet many of your needs... 


Here are two new Crucible grades, Rezistal type 
201 and 202 that are similar in quality and prop- 
erties to types 301 and 302... but with desirable 
features all their own. 

In the annealed condition, for example, Rezistal 
201 and 202 have about 10°% higher strength than 
301 and 302, yet maintain almost identical duc- 
tility. This means that these grades can be fabri- 
cated with ease equal to their counterparts. In 
addition, their mill finishes and corrosion resist- 


ance to a wide variation of media compare most 
favorably with 301 and 302. 

To sum up: Rezistal 201 and 202 have practi- 
cally all the desirable properties of 301 and 302, 
plus some of their own. And they're available 
promptly in all forms. Write now for data sheets 
fully covering the properties of these new stain- 
less grades. Crucible Steel Company of America, 
Dept. AMP, The Oliver Building, Mellon Square, 
Pittsburgh 22, Pa. 


E C 4 LE} first name in special purpose steels 


Crucibie Steel Company of America 


Canadian Distributor—Railway & Power Engineering Corp, Ltd 
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takes the oil from the outer tank and 
pumps it into the bottom of the inner 
tank forcing the oil over the top of 
the inner tank and back to the cooling 
section. Tanks do not require pit set- 
tings or any other special installation. 


For further information circle No. 320 
on literature request card, page 48-B. 


X-Ray Tubes 

Machlett Laboratories, Inc., has 
announced five new industrial X-ray 
tubes, the PR series for use in the 


120 to 260 PKV range. They are 
designed especially for lightweight, 
self-contained, portable X-ray tube 


heads (either oil or pressurized gas 
insulated). 


For further information circle No. 321 
on literature request card, page 48-B. 


Portable Oven 

The Carl Mayer Corp. has an- 
nounced a new portable oven with a 
recirculating heating system and posi- 
tive automatic temperature controls. 
Six models are in production. Tem 


perature ranges are from 500 to 1000° 
F.; oven sizes range from 20 x 20 x 20 
in. to 26 x 38 x 50 in. Safety controls 
are standard equipment on all models. 
Ovens use either gas or electricity. 

For further information cirele No. 322 
on literature request card, page 48-B. 
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A call to any one of our seven warehouses will get you 
speedy service on your order... whether it’s for alloy steel 
bars, billets or forgings, in any size, shape or treatment 
you need, 

All seven warehouses are located in principal industrial 
areas. Each is modern and well-stocked, and staffed by 
expert metallurgists. 


Call now if you need our own HY-TEN steels — ‘‘the stand- 
ard steels of tomorrow’’, or standard AISI or SAE grades. 

Or write for free copies of Wheelock, Lovejoy Data 
Sheets. They contain complete technical information on 
grades, applications, physical properties, tests, heat 
treating, etc. 


In Canada: Sanderson-Newbould, Ltd., Montreal and Toronto 


WHEELOCK, LOVEJOY & Company, ine. 


134 Sidney Street, Cambridge 39, Massachusetts 
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It costs you nothing to put him ON YOUR HEAT TREATING TEAM 


When you use Houghton Liquid Salt Baths, the 
Houghton Man goes to work for you—on your job, 
in your plant. It is up to him to see that you get the 
results you want. And you'll get them, for Houghton’s 
skilled technicians are backed up by many years of 
experience and the most extensive research facilities 
in the business. 

Houghton salts also offer many other advantages. 
They are versatile—covering a temperature range 
of 350°F. to 2400°F. to meet every type of heat treating 
requirement. They give fast heating. Since thermal 
conductivity from salt to metal is exceptionally high, 
Houghton Salts bring your parts up to heat faster than 


is possible with other methods. They give precise 
temperatures, controlled within two or three de- 
grees. Houghton’s doubly-refined salts assure you 
the exacting results you planned for. 

Houghton’s research facilities and on-the-job serv- 
ice go with every Houghton salt you buy. Put them 
to work now. Just talk to your Houghton Man or write 
directly to E. F. Houghton & Co., 303 W. Lehigh Ave., 
Philadelphia 33, Pa. 


on-the-job service .. . 
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| HOUGHTON Liquid Salt Baths 
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ee Ready to give you 


326. Abrasives 

18-page catalog 556 on various types 
of shot and grit abrasives. SAE specifica- 
tions and types of cleaning and peening 
methods.Cleveland Metal Abrasive 


327. Adhesive Bonding 

New 8-page booklet on application 
techniques and precautions, advantages 
and limitations of adhesive bonding at 
room temperature. Rubber & Asbestos 


328. Alloy Castings 
Bulletin 3150-G on castings for heat, 
corrosion, abrasion resistance. Duraloy 


329. Alloy Chart 

Comparison of AISI, SAE, ACI, AMS, 
WAD and PWA chromium and chromium- 
nickel stainless specifications. Cannon- 
Muskegon 


330. Alloy Steel 

68-page “Aircraft Steels” includes 
revised military specifications. Also stock 
list. Ryerson 


331. Alloy Steel 
32-page book on abrasion resisting 
steel. Properties, fabricating character- 
istics, uses. U.S. Stee 


332. Alloy Steel 

Data book on the selection of the 
proper alloy steel grades for each manu- 
facturer’s needs heelock, Lovejoy 


333. Aluminized Wire 

6-page booklet on aluminized steel 
wire and its applications. American Chain 
& Cable 


334. Aluminum 

12-page booklet on extruded shapes, 
tube and pipe, coiled sheet, forgings and 
properties of aluminum alloys. overs 


335. Aluminum Alloy 

Bulletin 103 on high strength aluminum 
alloy which ages at room temperature. 
Federated Metals Div. 


336. Aluminum Die Castings 
Bulletin on design and manufacture of 
aluminum die castings. Hoover Co. 


337. Aluminum Extrusions 
Data on commercial aluminum extru- 
sions. Superior Industries 


338. Ammonia for Heat Treat 
Booklets on “Applications of Dis- 
sociated Ammonia”, “Ammonia Installa- 
tions for Metal Treating”, “The Nitriding 
Process", “Carbonitriding”. Armour 


339. Atmosphere Furnace 

Information on mechanized batch-type 
atmosphere furnaces for gas cyaniding, 
gas carburizing, clean hardening or carbon 
restoration. Dow Furnace 


340. Atmosphere Furnace 
Builetin on controlled atmosphere 
furnace. Industrial Heating Equipment 


341. Atmosphere Furnace 
12-page bulletin 10% on electric 
furnaces with atmosphere control for 
hardening high speed steel. Sentry 
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342. Automatic Control 
40-page catalog No. 4A shows design 
and various models of contact metal 
relays. Assembly Products 


343. Barrel Finishin 


Folder on methods and materials 
Problems and requirements. Oakite 


344. Batch-Type Furnaces 

Bulletin SC-174 on furnaces in the 
operating range of 1400 to 1750° F. for 
various heat treating processes. Suction 
radiant tube fired units and mechanized 
systems. Surface Combustion 


345. Bearings 

20 data sheets give special properties 
and case histories for new Rulon oil-free 
bearing material. Dixon Corp. 


346. Bearings 

Chart on chemical, mechanical and work 
characteristics of sintered bronze or iron 
bearing materials. Bound Brook Oil-Leas 
Bearing 


347. Beryllium Copper 

12-page booklet on casting alloys 
Properties of alloys and castings. How 
Be-Cu castings are made. Beryllium Corp 


348. Beryllium Copper 

4-page data sheet features a section 
detailing the specific methods for heat- 
treating beryllium copper. Engineering 
specifications including physical properties 
and the effect of these properties on heat 
treatment. American diver Co. 


349. Bimetal Applications 
New 44-page booklet, “Successful 

Applications of Thermostatic Bimetal”, 

contains uses, formulas, calculations 
M. Chace 


350. Black Oxide Coatings 

8-page booklet on black oxide coatings 
for steel, stainless steel and copper alloys. 
Du-Lite 


351. Blast Cleaning 

Folder describes advantages of install- 
ing a meter on blast cleaning equipment 
Hickman, Williams & Co 


352. Blast Cleaning 

12-page brochure describes and ilius- 
trates various features of super tumblast 
machine. Specifications. heelabrator 


353. Blast Cleaning 
Complete information on Malleabrasive 


for cleaning and finishing. Globe Steel 
Abrasive 


354. Bolts 

16-page booklet on high-strength bolt- 
ing for structural joints includes ASTM 
specifications covering this bolting ma- 
terial. Bethlehem Steel 


355. Burnishing 

Bulletin B-10 on new series of com- 
pounds aids in selection of proper com- 
pound. Apothecaries Hall 


356. Calibrating Machine 

Bulletin 115 on calibrating system for 
accurate measurement of mechanical 
forces. Morehouse Machine 


357. Carbides 


84-page catalog of sintered carbides, 

hot pressed carbides, cutting tools, draw- 
ing dies, wear resistant parts. Metal 
Carbides 


358. Carbides 

4-page bulletin on general-purpose 
heavy-duty sintered carbide. Firth Ster- 
ling, Ine 


359. Carbon 

New technical bulletin gives chemical 
and physical characteristics of metallurgi- 
cal carbons. Barnebey-Cheney 


360. Carbon and Graphite 
20-page catalog on carbon and graphite 

in metallurgical, electrical, 

chemical, process fields. National Carbon 


325. Investment Casting 
Design data developed over 
a period of more than 10 years 
in producing investment cast 
ings are outlined in this new 
10-page booklet. Typical physi 
cal, mechanical and chemical 
properties of the 26 alloys most 
suitable to Haynes’ investment 


casting method are included 
When to consider the invest 
ment-casting process to solve 
design, production and metal 
lurgical problems is considered 
The booklet also includes case 
histories of some of the parts 
produced in quantity by the 


method Haynes Stellite Co 


361. Carbon Steel Castings 
Data folders on four types of carbon 

steel castings. Composition, properties, 

hardenability bands, uses, Unitcast 


362. Carbon Steel Tubing 

Card 142A on properties of seamless 
and welded carbon steel pressure tubin 
Fabricating operations performed on — 
tubing. Babcock & Wileos 


363. Carburizing 

Data folder on Aerocarb E and W 
water-soluble compounds for liquid car- 
burizing. Case depth vse time curves. Per 
cent carbon and nitrogen penetration 
curves. American Cyanamid 


364. Carburizing Salts 
Folder on salts for liquid carburizing. 
Swift Industrial Chemical 


365. Centrifugal Castings 
Three bulletins give metallurgical 
specifications for ferrous and nonferrous 
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APPLICATION 


The quality of the cold head- 
ing wire you use is the beginning 
of higher cold heading profits. 

That's why so many users 
specify J&L Cold Heading Wire 
to help them get the highest 
quality finished parts at increased 
production rates, and lowest 
manufacturing costs. 

J&L Cold Heading Wire will 
meet your exact requirements for: 


Precise Chemical Grade and 
Physical Characteristics 

Surface Qualities 

Finish 

Uniformity 


The result—when you specify 
J&L, you assure the best head- 
ing performance. Investigate the 
profit-making possibilities of 
J&L Cold Heading Wire today. 
It’s tops in quality—competitive 
in price. 


Jones & Laughlin 


STEEL CORPORATION - PITTSBURGH 


er 
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castings, applications and variety of cast- 
ings. Sandusky Foundry & Machine 


366. Chromate Finishing 

File on chromate conversion coatings 
for prevention of corrosion and paint- 
base treatment of nonferrous metals. 
Allied Research Products 


367. Cleaners 

Folder on immersion, electrolytic, spray 
cleaners, phosphate coaters, strippers, 
drawing compounds, additive agents. 
Northwest Chemical 


368. Cleaning 

Folder on di-phase cleaning gives 
equipment, construction features, spray 
and blow-off features, heating systems. 
Solventol 


369. Cleaning Compound 
Bulletin B-6 on water displacing com- 
und for pootasing unspotted, dry sur- 

aces. Apothecaries Hall 


370. Cobalt Alloy 

12-page booklet, “Haynes Alloy No. 
25”, tells of the unique properties of this 
cobalt-base alloy. Haynes Stellite 


371. Coil Handling 


New 28-page booklet on coil stock 
handling and punch press feeding equip- 
ment. F. J. Littell Machine Co. 


372. Coil Tester 


Bulletin No. 109 on instrument for de- 
tecting shorted turns in multi-turn coils. 
Rubicon 


373. Cold Rolled Steels 


32-page booklet on stainless, alloy and 
carbon spring steels. and other specialties 
Melting, temper, finishes. Crucible Steel 


374. Continuous Processing 
New 6-page Bulletin 561 on equipment 
for continuous processing lines; punch 
and shear lines, including coil cars, pay- 
off and coiling reels, levelers, press feeds, 
stitchers, slitters, bridles, shears and ac- 
cessory equipment. Herr Equipment Corp 


375. Controller 

Bulletin 4-11 on electric proportional 
controllers for dew point, pressure, tem- 
perature in batch process, combustion 
atmosphere and heat treating furnaces 
Foxboro 


376. Copper Alloys 


64-page book on free-cutting brass, 
copper and bronze. Chase Brass 


377. Copper Alloys 

40-page book on eleven copper alloys 
Properties, cleaning, annealing. Seymour 
378. Creep Testing 


Data on operation and instrumentation 


greaser describes and diagrams its con- 
struction. Circo Equipment 


385. Demineralization 

24-page article on demineralizing con- 
siders development, trends and applica- 
tions of multi-bed and Fn He ion 
exchange. Graver Water Conditioning 


386. Descaling 

New 16-page brochure, 608, on equip- 
ment for continuous, mechanical descal- 
ing by shot blasting. Pangborn 


387. Descaling Stainless Steel 

Bulletin 25 on descaling stainless steel 
and other metals in molten salt. Hooker 
Electrochemical 


388. Dew Point Control 

Bulletin No. 21-C on instrument which 
indicates, records and controls dew point 
automatically. Ipsen 


389. Die Steel 

Folder and stock list on Olympic FM 
air hardening, high carbon-high chomium 
die steel with sulphide additives for im- 
proved machinability. Latrobe Steel Co 


390. Drawing Titanium 

6-page reprint on drawing and other 
forming methods, including severe form- 
ing operations. Brooks and Perkins 


391. Dryers 

New 52-page Bulletin D-100 on dryers 
for air, gas and liquids for low dew points 
C. M. Kemp Mfg. Co. 


392. Electric Furnaces 

Bulletin on electric heat treating fur- 
naces gives summary of progress in fur- 
nace developments. Holcroft 


393. Electric Furnaces 
Folder on electric furnaces with zone 


control, temperature indication, auto- 
matic control. L & L Mfg. Co. 


394. Electric Furnaces 
Brochure on electric heat treating, 
melting, metallurgical tube, research and 

sintering furnaces. Pereny Equipment 


395. Electric Furnaces 

36-page brochure on electric are fur- 
naces for steel melting. Various designs 
and special features for production and 
pilot sizes. Swindell-Dressler 


396. Electrodes 


New 16-page catalog on spectroscopic 
electrodes and powders. How purity is 
secured and maintained. National Carbon 


397. Electron Microscope 
20-page brochure describes in detail 
ten case histories in which the electron 
microscope has been at work solving 
problems of development and control in 
industrial laboratories. RCA 


398. Extrusion 


Folder describes the hot extrusion 
preens and gives its history. Jones & 
Aughlin 


399. Extrusions 


New 20-page booklet on extruded rod 
and bar stock in beryllium copper, beryl- 
lium aluminum and beryllium nickel 
alloys, beryllium metal and oxide. Beryl- 
lium Corp. 


400. Ferro-Alloys and Metals 
100-page book gives data on more than 

250 different alloys and metals produced 

by the company. Electro Metallurgical 


401. Filters 

32-page booklet on filters, mixers, 
pumps and tanks for liquid processing. 
Alsop Engineering 


GET 
THE 


of Areweld lever arm creep testing ma- 


chine. Minneapolis-Honeywell 


379. Creep Testing 
Bulletin RR-13-54 on new creep testing 
machine. Riehle 


380. Creep Testing 

Bulletin 4208 on five types of creep 
testing machines for standard sized metal 
specimens. Baldwin-Lima-Hamilton 


381. Cut-Off Wheels 

Folder gives data, operating suggestions 
and grade recommendations of cut-off 
wheels. Manhattan Rubber Div. 


382. Cutting Fluids 

New 16-page booklet on cutting and 
grinding with wax cutting fluids. Ad- 
vantages of wax coolants C. Johnson 


383. Cutting Oil 

Facts on more efficient and economical 
lant operation through use of right 
~~~ described in “Metal Cutting 
Fluids” booklet. Cities Service 


384. Degreasing 
New bulletin on OPNT vapor de- 
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About Hardness Testing 


Everything you need to know about 
hardness testing 1s told in this handsome 
book, prepared by the makers of the 
internationally respected CLARK 
Hardness Testers for “Rockwell Test- 
ing. Simple, easy-to-read text (in 


English) and numerous illustrations show the equipment 
and procedure for fast, accurate hardness testing of ferrous 
and non-ferrous materials. If you would like a copy, free of 
charge, just attach this ad to your letterhead or write 
“Send book.” A copy will be mailed to you promptly. 


P.S. If you are interested in descriptions and prices for 
CLARK Hardness Teste rs (Standard and Superfic ial) of guar- 


anteed accuracy, say the word and we'll gladly supply them. 


J 
Sri 


CLARK INSTRUMENT INC. 


10202 Ford Road « Dearborn, Mich, USA 
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erator set, 


TOCCO high fre- 
quency motor gen- 


Ht 


THE OHIO CRANKSHAFT COMPANY 


TOCCO’S 


Hi-Frequency 


First with Vertical MG Sets—TOCCO 


In 1943 TOCCO designed and built the first vertical motor-genera- 
tor sets for furnishing hi-frequency power for induction heating 
applications. Now with thirteen years of continuous production 
experience, we are far and away the world’s largest supplier of 


these units. 
Advarrtages of TOCCO Vertical MG Sets 


The large TOCCO vertical type motor generator set has numerous 
advantages over conventional horizontal type sets. Vertical con- 
struction permits the use of very large bearings and also minimizes 
the hazard of major damage to the set in the unlikely event of a 
bearing failure. Longer bearing life is achieved due to lower pres- 
sure and uniform loading of the bearings. Maintenance is greatly 
simplified because the rotor can be 
removed vertically with a simple hoist. 
Anti-vibration mountings between the 
base and the MG rotor-stator assem- 
bly practically eliminate vibration. 
No special foundations are needed. 
Lastly, TOCCO'’s vertical design cuts 
necessary floor space to less than one- 
half the area required by horizontal 
motor-generator sets. 


Only Time-Tested 
Vertical MG Sets—TOCCO 


There are over a thousand TOCCO 
vertical MG sets in actual service 
TODAY—more than all competitive 
horizontal makes combined. Write 
us for descriptive bulletin giving full 
details on the advantages and con- 
struction details of TOCCO Vertical 
MG Sets. 


TOCCO Vertical MG 
sets are available in sizes 
up to 3450 KW and fre- 
quencies from 1000 to 
10,000 c.p.s. 


Mail Coupon Today ~~~~~~~— 

pucterin OHIO SHAFT CO. 

Dept. R-8, Cleveland 5, Ohio 


Please send copy of “TOCCO High 
Frequency Motor-Generator Sets.” 


Name 


Position 


Company 
Address. 
City 
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402. Finishing 

Catalog A-654 gives complete story on 
planning industrial finishing systems and 
shows many installations of cleaning and 
pickling machines. R. C. Mahon 


403. Flaw Location 
New 4-page pamphlet discusses all as- 
ts of flaw location with dye penetrants 
rom precleaning to interpreting results. 
Turco Products 


404. Flow Meter 

New 6-page Bulletin 301 on Transo- 
meter ont how it is used for flow, ratio 
and combustion control, for multiple fuel 
totalization and for interchangeable con- 
trol in fuel switch over. Liquids it will 
handle. Askania Regulator 


405. Flow Meter 

Bulletin P22-6 on pneumatic square 
root extracting flow transmitter gives 
ranges, dimensions, diagrams. Bailey 
Meter 


406. Flow Meters 


_ Bulletin 201 on flow meter for gas used 
in heat treating. Waukee Eng'g 


407. Forgings 

New 12-page booklet on aluminum, 
brass and copper forgings. Parts forged 
and their advantages Pre erties of alloys 
used. Revere Copper & Brass 


408. Forgings 

94-page book on die blocks and heavy- 
duty forgings. 20 pages of tables. A. 
Finkl & Sons 


409. Forgings 

New bulletin on forge steel making, 
open die forging, machining, heat treat- 
ing and finishing. National Forge 


410. Forgings 

Folder on large forgings of carbon and 
alloy steel. Struthers Wells Corp., Titus- 
ville Forge Div 


411. Forgings 

16-page bulletin on production of seam- 
less forged and rolled rings. Chart on how 
to calculate ring weights. Alco Products 


412. Formed Shapes 

26-page catalog No. 1555 contains draw- 
ings and dimensions of more than 
shapes. Roll Formed Products Co. 


413. Furnace Accessories 
8-page catalog on auxiliary items used 

with foundry melting furnaces. Lindberg- 

Fisher Div., Lindberg Engineering Co. 


414. Furnace Belts 

44-page catalog describes metal belts 
for quenching, tempering, carburizing 
and other applications. Ashworth Bros. 


415. Furnace Fixtures 
Bulletin 111 on cast Ni-Cr fixtures for 
gas carburizing. Fahralloy 


416. Furnace Fixtures 

16-page catalog on baskets, trays, fix- 
tures and carburizing boxes for heat 
treating. 66 designs. Stanwood Corp. 


417. Furnaces 
6-page folder on 
and electric furnaces 
tions. Electric Furnace 


418. Furnaces 

32-page catalog of industrial equipment 
includes furnaces and furnace accessories, 
special valves. mechanical equinment, 
materials handling equipment. Salem- 
Brosius 


419. Furnaces 

Bulletin on electric heat treating fur- 
naces describes five series and accessories 
Lucifer Furnaces 
420. Furnaces 


Series of bulletins on controlled atmos- 


gas-fired, oil-fired 
Typical installa- 
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here, carburizing, nitriding, hardening 
urnaces. American Gas Furnace 


421. Furnaces 
Brochures on pot furnaces, nitriding, 


austempering, and martempering and salt 
baths. A. F. Holden 


422. Furnaces 

16-page Bulletin 135 on industrial fur- 
naces and atmosphere generators. Con- 
tinuous systems. Continental Industrial 
Engineers 


423. Gages 
Folder on design and construction of 
reversible plug gages. Pratt & Whitney 


424. Gamma Radiography 
16-page bulletin describes agtepes used 
equipment and applications. Budd Co 


425. Gas Analysis 

Data sheet on instruments used to 
record gas and vapor concentrations dur- 
ing combustible gas analysis. Minneapo- 
lis-Honeywell 


426. Gas Carburizing 

8-page booklet on furnace equipment 
for gas carburizing. Continuous and batch 
processes. Surface Combustion 


427. Gas Generator 

Bulletin 753R on endothermic generator 
gives construction, principles of opera- 
tion, special features. Hevi-Duty 


428. Globar Furnaces 

Bulletin 153 describes nine types of 
furnace using silicon carbide heating ele- 
ments for temperatures to 2600° F. Hevi- 
Duty 


429. Gold Plating 
Folder on salts for bright gold plating 
Equipment needed. Sel-Rex 


430. Graghitte Tool Steel 

48-page booklet on heat treating data, 
properties and 46 specific applications of 
graphitic tool steel. Timken 


431. Hardness Conversion 

Chart comparing various testing sys- 
tems and tensile strength of carbon and 
alloy steels. Babcock Wilcox Co 


432. Hardness Tester 

Data on hardness testing scleroscope 
with equivalent Brinell and Rockwell C 
numbers. Shore Instrument 


433. Hardness Tester 

New bulletin on Wolpert-Gries Micro- 
Reflex hardness tester for loads from 10 
to 3000 g. Gries Industries, Inc. 


434. Hardness Tester 

Bulletin on Impressor portable hardness 
tester for aluminum, aluminum alloys 
and soft metals. Barber-Colman 


435. Hardness Testers 

Catalog of testers for normal hardness, 
superficial testing, accessory and special 
testing and micro and macro hardness 
testing. Wilson Mechanical Instrument 


436, Hardness Testers 
20-page book on hardness testing by 
Rockwell method. Clark Instrument 


437. Hardness Testing 

8-page catalog B-953 on principles and 
standards of Brinell hardness testing, and 
types of machines. Steel City Testing 
Machines 


438. Heat Treating Ammonia 
24-page “Guide for Use of Anhydrous 

Ammonia" describes heat treating and 

other metallurgical uses. Nitrogen Div. 


439. Heat Treating Fixtures 


24-page catalog on heat and corrosion- 


LABORATORY FURNACES 
BURRELL UNIT-PACKAGE 
Tube Furnaces 


MODEL H-1-9 (pictured) For high 


temperature 


testing to 2650° F. For 


the determination of carbon and sulfur 
by combustion in ferrous metals. Avail- 
able for one, two and four tubes. For 
use with 115 or 230 volts, 60 cycle, as 


specified, 


For other models—Ask for Bulletin No. 310 


ITEM 
One-Tube Furnace, Model H-1-9 
Two-Tube Furnace, Model H-2-9 
Four-Tube Furnace, Model H-4-9 


PRICE 
625.00 
650.00 
925.00 


Prices listed ore F.0.8. Pittsburgh, Pa. 


EASY ACCESS PANELS FOR EASE OF SERVICING » 


All current models of Burrell furnaces open from the front 
for ease of inspection, parts replacement and servicing when 


necessary. 


BURRELL CORPORATION 


Scientific Apparatus and Laboratory Supplies 
2223 Fifth Avenue, Pittsburgh 19, Pennsylvania 


CAT. NO. — 
24-944 
24-954 


Testin,, techon GP roller 60,000 


get more for your money 
with a Baldwin BTE universal testing machine 


This versatile machine stands ready to serve you in 
two ways. Ruggedly built, and virtually maintenance- 
free, it is ideal for heavy-duty production testing in 
your shop. Yet it is so accurate and reliable that it is 
ideal for high precision testing in your laboratory. 

Five features that make the moderately-priced 
Baldwin BTE universal your best buy: 


¢ Loading system is completely isolated from weighing 
system, Friction errors are eliminated. 


¢ True null-balance system provides accuracy well 
within 0.5% of true load or 0.1% of load range. 


¢ 24” multi-range masked dial indicator is illumi- 
nated by fluorescent light for easy reading. 


e Range can be changed during test. 

¢ Stress cycling equipment, stress strain recorder, ex- 
tensometer, load pacer and other accessories are 
available. 

Baldwin BTE universals are built in capacities from 

10,000 to 5,000,000 Ibs. For full information, get 

your copy of illustrated bulletin 4401, Write Dept. 

1624, Electronics & Instrumentation Division, BLH 

Corporation, Waltham, Massachusetts, 


ELECTRONICS & INSTRUMENTATION DIVISION 
BALDWIN-LIMA-HAMILTON 


DIVISIONS: Austin-Western Eddystone « Hamilton Lima « 
Electronics & Instrumentation « Loewy-Hydropress « Madsen « 
Pelton + Standard Steel Works 
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resistant equipment for heat treating and 
chemical processing. 30 classifications of 
equipment. Pressed Steel 


440. Heat Treating Fixtures 

24-page catalog B-8 on muffles, retorts, 
baskets, other fixtures for heat treating 
in gas or salt baths. Rolock 


441. Heat Treating Fixtures 
12-page bulletin on wire mesh baskets 
for heat treating and plating. Wiretexr 


442. Heat Treating Furnaces 

32-page catalog on high-speed gas fur- 
naces for heat treating carbon and alloy 
steels; also pot furnaces for salt and lead 
hardening. Charles A. Hones 


443. Heating Elements 

24-page booklet on elements for elec- 
tric furnaces and kilns includes technical 
data, uses, physical and electrical speci- 
fications. Norton 


444. High Speed Steel 

Folder on Electrite Double Six M-2 
XL tungsten-molybdenum high speed 
steel containing alloy sulphides for im- 
yroved machinability and increased tool 
ife. Latrobe Steel 


445. High-Strength Steel 
48-page book on T-1l its proper- 
ties and applications. U.S. Steel 


Belts 
Bulletin T-241 on belts of 
lec- 


ature alloy for heat treat furnaces 
tro-Alloys 


447. High-Tensile Steel 


Bulletin on nickel-copper steel of low- 
alloy, high-strength type. Youngstown 
Sheet and Tube 


448. High-Vacuum Furnaces 
12-page brochure No. 790 on vacuum 


furnaces for melting and casting titanium, 
zirconium, germanium, copper, iron and 
steel. Also furnaces for annealing, hard- 
ening, brazing. F. J. Stokes 


449. Induction Hardening 
Bulletin M-1938 on induction hardening 

machine gives advantages and application 

of system. Cincinnati Milling Ma chine 


450. Induction Heating 

New 36-page bulletin on high-fre- 
quency induction heating unit for braz- 
ing, hardening, soldering, annealing, 
melting and bombarding. Lepel 


451. Induction Heating 

60-page catalog tells of reduced costs 
and increased speed of production on 
hardening, brazing, annealing, forging or 
melting jobs. Ohio Crankshaft 


452. Induction Heating 

12-page bulletin B-6519 on motor gen- 
erator sets, rf. generators, work stations, 
handling equipment. Westinghouse Elec- 
tric 


453. Induction Heating Control 

2-page data sheet on detector and con- 
troller and how it is used for continuous 
batch and selective induction heating 
processes. Leeds & Northrup 


454. Industrial Furnaces 
Complete information on all types of 
custom built furnaces. Martin Mfg. Co 


455. Instruments 

34-page book describes 37 instruments 
for electrical, physical, resistance-weld- 
ing, ultrasonic and other measurements 
Brush Electronics 


456. Insulation 


40-page industrial products catalog on 
insulations, refractory products and 
others. Johns-Manville 


457. Investment Casting 

New bulletin on gas fired furnaces for 
investment casting. Also includes chart of 
characteristics of typical investment cast- 
ing alloys. Surface Combustion 


458. Laboratory Mill 

4-page reprint on rolling mill for labo- 
ratory studies, which may be operated 
os a 2-high, 3-high or 4-high mill. Fenn 


459. Lubricant 

8-page folder describes use of molyb- 
cenum disulfide lubricant in cold form- 
ing, cold heading and other applications. 
Case histories. Alpha Corp. 


460. Lubricants 

Fifth revision of 4-page booklet on 
dispersions for industry lists 41 colloidal 
ond semi-colloidal dispersions for the 
metal working industries. Acheson Col- 
loids 


461. Lubricants 

Bulletin 103A lists and describes 17 types 
of molybdenum disulfide lubricants. 
Alpha Molykote 


462. Machining Alloy Steels 
24-page bulletin on economical combi- 
nation of microstructure, tool form, cut- 
ting speed and feed for each machining 
operation. International Nickel 


463. Magnesium 

42-page booklet on wrought forms of 
magnesium. Includes 31 tables. White 
Metal Rolling & Stamping 


164. Magnesium Specs 
Julletin DM12n on specifications of 


government agencies, AMS, SAE, ASTM. 


Dow Chemica 


THE METALS HANDBOOK 
and 1954 and 1955 
Supplements 


World’s Most Authoritative and Comprehensive Reference 
for All Metals, Metal Properties, Fabrication and Uses! 


1740 Pages total 
2745 Illustrations 
1426 Table 

845 Articles 

110,000 Copies in use 


The Metals Handbook and its 1954 and 1955 Supplements com- 
prise the only complete reference of its kind. 
written by 109 committees of the American Society for Metals 
780 outstanding engineers contributing. Easy to use, 
these volumes put all metal facts at your fingertips. 
into 37 sections, they treat on metal selection and design, metal 
welding, machining, foundry 
work, cleaning, finishing, testing, inspection, control and research 
The Handbook is $15.00; the Supplements $5.00 and 
Order by coupon today. 


with over 


forming, shaping, heat treating, 


techniques. 
$6.00, respectively 


American Society for Metals, 
7301 Euclid Avenue, Cleveland 3, Ohio 


| Rush me a Metals Handbook and/or Supplements checked! 


Name 
| Company 
| Address 


MOOERM/ZE 
YOUR THERMOCOUPLE CIRCUITS 


T-E ROTARY 
SELECTOR SWITCHES 


Compiled and 


Divided 


These new switches are designed to enable the user to 
switch rapidly from ene thermocouple circuit to another 
.can be used with all types of millivoltmeter- or 


potentiometer-type py 
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rometers, and with re 
sistance thermometers 
Stocked in 3 sizes 
“OPF’ to 6 point, 
“OFF” to 12 point and 
“OFF” to 24 point 
Available in several 
different forms and 
housings to suit your 
application. 


Write today for Bulle- 
tin 24-100 and quota- 
ions on this latest 
addition to our com- 
plete line of pyromet- 
ric equipment 


Thermo Electric 6.inc 


SADDLE BROOK, NEW JERSEY 
In Conada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 


City Zone State 
} 1955 Supplement ($ 6.00) 2 Check enclosed 
™ 1954 Supplement ($ 5.00) Bill me 
[5 Metals Handbook ($15.00) Bill my company 
[ The complete set ($26.00) 


he 
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Here at Fahralloy we don't have any sidelines. All we do is one 
thing—make heat and corrosion resisting castings. But we 
figure that's a full time business in itself. You see, we look at 
each and every job as something special. We want to be sure 
it is properly engineered for the service conditions to which it 
will be exposed. Because of this thorough approach, we've been 
able to render a service to FAHRALLOY customers far beyond 
the mere making of a casting . . . one that can be measured in . 
many instances in dollars and cents saved! You'll be pleased 
with the extra special service that goes with every heat resisting 
casting that bears the name FAHRALLOY. 
Won't you let us serve you soon? 


THE FAHRALLOY CO. 


150th & Lexington Ave. — Harvey, Illinois 
In Canada — Fohralloy Canada, Ltd., Orillia, Ontario 


METAL PROGRESS 


; 
| 
44 


465. Melting Furnace 

Bulletin gives specifications, diagrams, 
performance and other technical data on 
Simplex melting furnaces. Lindberg Engi- 
neering 


466. Melting Furnaces 

28-page catalog on Heroult electric 
melting furnaces. Tynes, sizes, capacities 
ratings. American Bridge 


467. Metal Cutting 
8-page booklet on friction. abrasive, 


cut-off and long cut saws. Ty-Sa-Man 
Machine 


468. Metallograph 

20-page book'et, E-232, on Balphot all- 
purpose metallograph—bright field, dark 
field. polarized light, phase contrast 
Bausch & Lomb 


469. Microhardness Tester 
Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance Co. 


470. Microscopes 


Catalog on metallograph and several 
models of microscopes. United Scientific 


471. Moisture Measurement 
12-page bulletin on how to measure 

water vapor in air and other gases. 

Gravometric, dew point and wet and drv 


bulb methods, and others. Pittsburgh 
Lectrodryer 


472. Molybdenum 

72-page book gives data on unalloyed 
molybdenum and four arc-cast alloys. 
Several pages of references. Climar 
Molybdenum 

473. Molybdenum 


New folder on pallet method of ship- 
ping molybdenum. Molybdenum Corp. 


474. Nondestructive Testing 
8-page bulletin on equipment for non- 


destructive testing of rs, rods, tubing 
Magnetic Analysis 


475. Nondestructive Testin 
Data on new nondestructive thickness 
tester. Unit Process Assemblies 


476. Nonferrous Wire 

Folder gives wire gage and footage 
chart and data on beryllium copper, 
phosphor bronze, nickel, silver, brass and 
aluminum wire. Little Falls Alloys 


477. Oil Quenching 

8-page brochure tells in detail how 
carbon steel often can replace alloy 
steel when additive is used in the 
quenching oil. Aldridge Industrial Oils 
478. Openhearths 

Brochure on modern openhearth design 
and construction. Loftus 
479. Ovens 

Bulletin 10S on cabinet ovens describes 
those for use with gas, electric and steam 
heat for temperatures to 600° F. Young 
Brothers 


480. Ovens 

New 16-page catalog on techniques used 
in process heating systems. Methods com- 
bining radiation and convection. Jensen 
Specialties 
481. Ovens 

16-page bulletin No. 53 on various types 
of core and mold ovens, special ovens and 
heat treating furnaces. Carl-Mayer 
482. Pickling Baskets 

12-page bulletin on mechanical picklers, 
crates, baskets, chain and accessories 
Youngstown Welding & Eng’g 
483. Pickling Baskets 

Data on baskets for degreasing, 
pickling, anodizing and plating. Jelliff 
434. Plating 

Data sheet 5.1-4 on temperature control 

(Continued on page 48-A) 
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HATEVER your metallurgical prob- 

lem, Cannon-Muskegon is equipped 
and staffed to solve it. Our metallurgists 
can make the right vacuum-melted 
alloy to fit your need. We can develop and 
test it in the ultimate in modern research 
and testing laboratories ... then produce 
it to specifications in our modern plant. 
What’s more, Cannon-Muskegon recom- 
mends proper handling methods for best 
results in your application. 

In addition, Cannon-Muskegon offers a 
wide range of ferrous-, nickel- and cobalt- 
base alloys for your specific needs. These 
super-clean alloys are poured at pressures 
from 1 to 10 microns — available in sample 
or production quantities...in cast bil- 
lets or ingots. Vacuum-melted alloys offer 
cleaner, smoother surfaces ... greater ten- 
sile strength, ductility and wear life... 
higher electrical and magnetic properties. 
For complete vacuum-melting service, see 
Cannon-Muskegon. 


Now available are: 


@ Materials for remelt — 
under conventional air melting, inert gas, 


vacuum. 


@ Casting development — 


includes research and experimental facilities 
for investment, shell mold, dry sand, and 
permanent mold castings. 


@ Ingots or cast billets ~ 
for rolling, forging or extruding in individual 
weights up to 250 pounds. 


Unrra Mer 
VACUUM -MELTED ALLOYS ¥ 


inousTRY 


ad 


For full particulars 
write for our New By 
letin on Vacuum-Melting 
and Air-Melting facili- 
ties and products. 


to your 
inquiries 
about 
Cannon- 
Muskegon 


VACUUM- 
MELTED 


UltraMet alloys 
and service 


MODERN RESEARCH facilities and 
experts are at your service. Constant re- 
search with known alloys develo our 
ebilities...to your advantage 

now testing alloys containing 
aluminum and titanium ... with interest- 
ing results, Bend us your problems, 


CANNON-MUSKEGON 


CORPORATION 
2879 Lincoln Street 


Muskegon, Michigan 


METALLURGICAL SPECIALISTS 


; 
a Our facilities are open... 
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5 te 50 KV 


Smal! as a filing cabinet, 
yet it will x-ray anything 
wo to Va" thick 
laum, Self-contained, 
completely rayproof. 


is fair game for this versatile inspection method ...weldments, 


one is no good! 


Wouldn't you like to be that sure about duds in 


your own production? Nondestructive radiography 


(elther x-ray or gamma ray) could do it for you maybe. 


Anything you buy or sell which needs “seeing into” 


castings, assemblies, plastics, wood, metal... right across the board 


from paper-thin stuff to foot-thick steel. 


If you need to spot hidden defects to keep a firm finger on quality 


eontrol, we'll be glad to tell you what radiography can do for you.* 


* There's probably a Picker District office near you (see local ‘phone book). Or write 


Picker X-Ray Corporation, 25 South Broadway, W hite Plains, New Y ork. 


150 KV 


Penetrates up to 1°" steel 
ond eluminum 
(more with screens). Sto- 
tionary or mobile for 
-the-spot’’ «-raying. 


250 KV portable 


Rugged, lightweight 250 
KV tubeheod with sepor- 
ote remote power chassis. 
Will enter openings as 
small os 15°’ squere. 


one source for everything in 


RADIOGRA 
CABINETS 

Rayproof enciosures obvi 
ate need for leod-lined 
rooms. Available with or 
without feeder tables. 


260 KV crane or dolly 


For heavy-duty inspection 
(up to steel). Oper- 
ating down to 60 KV, will 
@ wide ronge of 
other materials. 


GAMMA Sources, 

Panoramic, circumferen- 
tial, and directional pro 
jectors using cesium, ir- 
idium or cobalt isotopes. 
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In wrought Inconel “ 


Neu-pot”, 


write Rolock, Ine., 


KLK Manufacturing Company, Logansport, Indiana, treats small 
parts faster. For information about the “Neu-pot” 


Fairfield, Connecticut. 


Treated in wrought Inconel pots, 
these small parts cost less 


volume goes up, pot replacement down 


These parts are done to a turn... in 
nice time, at low cost. 

That's because the salt bath is con- 
tained in a Rolock “Neu-pot” made 
of wrought Inconel* nickel-chromium 
alloy. 

KLK Manufacturing Company re- 
ported that unlike most “pot” materi- 
als, Inconel alloy retains original heat 
transfer characteristics throughout its 
useful service life. With it, 
be hurried along as rapidly as good 


loads can 


practice permits. Volume goes up, cost 
per piece down, 


Long pot life lowers cost, too 


In this installation, KLK goes on to 
say, Inconel nickel-chromium alloy also 
substantially increases pot life. They 
report that former pots gave, at best, 
only six Their first 
Inconel lasted almost 5 


weeks service. 
“Neu- pot” 


times longer. 


In overall pot expense KLK saves 


5O percent by using wrought Inconel 
also realizes a ma- 
Both sav- 
ings are reflected in the cost per piece, 


alloy. The company 


jor reduction in down-time, 


Is high sustained heat, or heat plus 
severe corrosive conditions your prob- 
lem? If so, look into Inconel. Write for 

the Inco booklet. “Keep Operating 

Costs Down As 


The International Nickel Company, inc. 
67 Wall Street New York 5, N. _ A 


fi nconel ... for long life at high temperatures 
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ELECTRONIC COMPUTER 
Gets An Assist From B&W Mechanical Tubing 


A remarkable “think” machine—called the Type 650 
IBM Magnetic Drum Data Processing Machine— 
is designed to serve the large areas of computation 
not now covered by the huge “brains” or the smaller 
electronic calculators. A product of International 
Business Machines Corp., this commercial and engi- 
neering computor can “think”, “remember” and 
store information, and is capable of simultaneous 
computation and calculation. 

As its name implies, a vital part of this unique 
machine is the rotor shell of the Magnetic Drum 
which provides the information storage space on 
the drum. To produce this shell with its required 
magnetic property, high quality B&W Mechanical 
Tubing is cut to size, turned, ground, copper-plated, 
then coated with a nickel-cobalt special magnetic- 
field plating and finally dynamically balanced. 

In a precision machine such as this, the selection 
of B&W Mechanical Tubing depended upon its 
ability to meet not only specific fabrication require- 
ments but also a number of unusual service condi- 
tions. For example, the drum rotor turns at high 


speed and must retain its stability. In addition, 
temperatures and vibrations can also directly affect 
its function in the machine. 

The highly satisfactory performance of B&W 
Mechanical Tubing in this uncommon application 
is typical of its performance in a// types of products 
and services with a// kinds of requirements. Write 
for Bulletin 361 for the comprehensive story of how 
B&W Mechanical Tubing serves Industry. The 
Babcock & Wilcox Company, Tubular Products 
Division, Beaver Falls, Pa. 

TA-6005 (m) 


Seamless and welded tubular products, seamless welding fittings and flanges—in carbon, alloy and stainless steels 
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(Continued from page 45) 498. Quenching Oil 


of plating tanks describes electric and 10-page book on new oils for the 
pneumatic temperature control, record- quenching process gives results on hot 
ing, indicating and non-indicating in- wire quench test and in plant operation 
struments. Minneapolis-Honeywell Sinclair Refining Co 
485. Plating Solutions 499. Radioactive Chemicals 

Operating manuals for plating with 24-page booklet describes radioactive 
metal fluoborate solutions. Baker & chemicals and their uses. Lists those 
Adamson. See page 149 available. Baker & Adamson 
486. Polishing Materials 500. Reeorders 

20-page booklet includes samples of 12-page bulletin contains methods of 
emery, aluminum oxide and silicon car applying 6-in. strip-chart recorders for 
bide papers and 12 polishing cloths pressure, liquid level, temperature, flow, 
Buehler, Ltd mechanical motion. Bristol 
487. Potentiometers 501. Refractories 

12-page bulletin 270 on several different 8-page catalog of super refractory 
potentiometers including portable models shapes, tubes, insulators for use to 3000 
Rubicon F. Morganite 
488. Powder Cutting 502. Refractory Cement 

New 4-page folder lists applications of Bulletin discusses refractories and heat- 
powder scarfing, gouging. lancing and resistant concrete. Lumnite Div. 


washing. Hoeganaes Sponge Iron Corp 
503. Refractory Coating 


489. Precision Casting Data on aluminum oxide and silicon 
18-page booklet on use of ethy! silicate carbide coating which may be sprayed on 
describes setting and hardening, precoat Norton Co. 
and investment preparations, typical 
formulae, investment casting problems 504. Residual Stresses 
R. W. Greeff & Co. 32-page, pocket-size booklet on residual 
. stresses in cold-finished steel bars and 
490. Precision Castings their effect on manufactured parts. La 
12-page booklet in- Salle Steel 
spection procedures, design and some anes 
— oan aluminum castings alloys 505. Rhodium Plating 
Atlantic Casting and Engineering Data on properties, thicknesses re- 
quired, costs, operation, applications 
491. Precision Castings echnic 
New 5-page folder on investment cast- 
ing. Tastnatred Precision Casting 506. Rust Prevention 
72-page book on cleaning, preservation, 
492. Pure Metals and packaging of metals. Causes of corro- 
Data sheets on vacuum melted cobalt, sion. E. F. Houghton 


copper, iron and nickel. Vacuum Metals o ‘ 
507. Rust Preventives 


493. Pyrometer Indicator 12-page bulletin on water-soluble rust 
New 8-page catalog 25-3 describes . preventive. Production Specialties 
dicator and models in which it is avail- ~ » . 
che. Thermo-Electric 508. Salt Bath Furnace 
Bulletin 655 on immersed electrode salt 
49A,” Pyrometers bath furnace gives advantages, applica- 
32-page thermocouple and accessory tions, construction. Hevi Duty 
— 509. Salt Bath Furnaces 
495. Quench Agitation Data on salt bath furnaces for batch 
Information on mixers and agitators, and conveyorized work. Upton 
including units applicable to industrial 
quenching equipment. Mixing Equipment 510. Saws 
a Catalog C-53 describes 35 models of 
496. Quenching metalcutting saws. Armstrong-Blum 
Bulletin No. 11 on quenching oil also pm : ‘ 
discusses advantages of quench agitation 511 Shell Molding 
Sun Oil Co. 6-page brochure on shell mold c asting 
of copper-base alloys describes how it is 
497. Quenching done and applications. Aurora Metal Co 


Bulletin 120 on use of heat exchangers ene 
to provide heat control in quenching 512. Shell Molding 


bath. Niagara Blower 16-page booklet on resin-coated sand 


: BUSINESS REPLY CARD 


No Postage Stamp Neeessary If Mailed In the United States 


4c POSTAGE WILL BE PAID BY— 


METAL PROGRESS 
7301 Euclid Avenue 
CLEVELAND 3, OHIO 


for shell molding discusses equipment, 
coating techniques and production of 
blown shell molds and cores. Plastics 
Div., Monsanto Chemical Co. 


513. Shot and Grit 
Handy calculator has size data for SAE 
grades of shot and grit. Pangborn 


514. Sintered Carbides 

24-page booklet on the characteristics 
of the various grades, for research and 
design engineers. Kennametal 
515. Sedium 

28-page booklet on using sodium in 
dispersed form tells how dispersions are 


prepared and handled, and their advan- 
tages. Ethyl Corp. 


516. Specifications Index 

28-page cross index lists copper alloy 
specifications of nine different Govern- 
ment agencies. American Brass 


517. Stainless Castings 
Bulletin on advantages of corrosion- 
resistant castings. Ohio Steel Foundry 


518. Stainless Steel 

Two booklets on 200 series of low 
nickel, austenitic stainless steels, give 
applications and pr rties compared 
with 300 series. Republic Steel 


519. Stainless Steel 
Booklet on 430 stainless. Properties, 
fabrication. Sharon Steel 


520. Stainless Steel 

Selector gives machinability, physical 
and mechanical properties, corrosion re- 
sistance of various grades of stainless 
steel. Crucible Steel 


521. Stainless Steels 

10-page booklet contains charts, graphs, 
data on cold rolled mechanical properties, 
elevated temperature properties, physical 
properties and corrosion resistance of 
chromium-nickel-manganese steels. Alle- 
gheny Ludlum 


522. Stainless Strip 

32-page brochure on 20 types of stain- 
less strip steel. Recommended applica- 
tions, chemical, physical and mechanical 
properties. Superior Steel Corp 


523. Stainless Tubing 

8-page folder TB-410 on use of seamless 
and welded stainless steel pipe and stain- 
less steel welding fittings he corrosive 
environments and elevated temperature 
applicants. Babcock & Wilcox 


524. Stereomicroscopes 

38-page catalog D-15 shows value of 
three-dimensional microscopes for indus- 
trial assembly lines and research labora 
tories. Bausch & Lomb Optical 


(Sec. 4.9 PL. 
Cleveland, Ohio 
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BLAZING 
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WwiTH 


LET'S TALK 
CONTROLLED 
ATMOSPHERES 


Holcroft has pegged many of its research activities to the prob- 
lems of controlled atmosphere heat treating. As a result, 
Holcroft has blazed the trail for industry. 


Controlled atmospheres protect the stock while it is being 
treated and help produce the desired finish to the parts. Scale 
and decarburization are eliminated. Stock in the furnace 
chamber is surrounded by a gas atmosphere which excludes 
all air and products of combustion, 


Basic gas generator patents go back to 1883. However, the 
first real use and understanding of fundamental equilibrium 
constants—now in general use in all gas atmosphere work — 

was by Holcroft in 1934. Dew point cups 


ond equilibrium curves were furnished 


customers at that time. Today, Holcroft's 
new Lo-Dew generator (750, 1200 and 
2400 cfh) provides rated capacities at low 
dew points. 


Advances like these are typical of the 
scope of Holcroft activities—proof that 
you can get right answers without prej- 
udice. Insist upon a Holcroft quotation as 


your first step when you have a heat treat 
problem. You'll save! 


Holcroft's new gas generator designed 
to produce as atmospheres between 
the timite of perfect combustion and 
modified ''302 


HOLCROFT AND COMPANY 


wr 6545 EPWORTH BOULEVARD + DETROIT 10, MICHIGAN 
austae® —/ PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 


CHICAGO ILL « CLEVELAND. OH10 « DARIEN CONN « HOUSTON TEXAS « LOS ANGELES, CALIF « PHILADELPHIA PA 
CANADA Walker Metal Products. Lid, Windsor, Ontario 
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Have you heard 
about the new 
Wheelco 


Potentiometer-Recorder? 


Wheelco 


Yes, now you can come to Wheelco, 
long-time leader in the control field, for 
the all-new Series 8000 Electronic Po- 
tentiometer-Recorder of the null-balanc- 
ing type. This completely self-contained 
unit requires only an external sensing 
device for measurement, indication, con- 
trol, and permanent recording of variables such as temperature, speed, 
strain, hydrogen ion (pH), and other quantities which can be re- 
solved into electrical signals. 


You save in many ways when you specify the Wheelco Recorder. You 
get precision control of temperature; accurate, dependable recording 
of operating data; simplified adjustment and scale changing; and 
minimum maintenance. There are many other advantages in dealing 
with the firm which offers the most complete line of instruments 
available. 


Write now for Bulletin F-7747 which tells the complete story of the 
Wheelco Series 8000 Potentiometer-Recorder. Or, call your Wheelco 
field engineer . . . he will get your copy to you immediately! 


WHEELCO INSTRUMENTS DIVISION 


Barber-Colman Company 


DEPT. H, 1518 ROCK STREET, ROCKFORD, ILLINOIS 
BARBER-COLMAN of CANADA, Ltd., Dept.H, Toronto and Montreal, Canada 
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525. Tompersture Control 

8-page booklet R-22 on to 
detect and correct thermocouple circuit 
failure in heating and melting operations. 
Peerless Electric 


526. Temperature Control 

New 8-page bulletin on temperature 
control systems contains selection guide, 
terminology, types of control systems. 
Wheelco Instrument Div. 


527. Temperature Conversion 

Chart converts degrees Fahrenheit to 
Centigrade and vice versa from —400 to 
4000" and shows range of sensing ele- 
ments. Thermo Electric 


528. Tempilstiks 

“Basic Guide to Ferrous Metallurgy”, 
a plastic laminated wall chart in color 
Claud S. Gordon 


529. Test Accessories 

22-page Bulletin 46 on instrumentation, 
tools and accessories for mechanical test- 
ing machines. Tinius Olsen 


530. Test Specimens 

Data on machine for cutting test speci- 
mens to ASTM specifications. Sieburg 
industries 


531. Textured Metal 

16-page booklet on advantages and ap- 
plications of textured metal. Rigidized 
Metals 


532. Thermocouple Alloys 

20-page booklet on chromel-alumel 
alloys gives sizes, temperature-millivolt 
equivalents, standards, applications. Hos- 
kins Mfg. 


533. Thermocouples 

44-page catalog EN-S2 describes cou- 
ples and assemblies for general appli- 
cation and for special plant and labo- 
ratory uses. Tabular data on accuracy 
and limits of couples. Leeds & Northrup 
534. Thickness Measurement 
Data sheet 10.9-la on sheet and coating 


thickness measurement on a continuous 
basis. Minneapolis-Honeywell 


535. Titanium Allo 

Data on ternary alloy with 3% alumi- 
num and 5% chromium gives physical 
properties, forging temperatures, high 
temperature characteristics. Mallory- 
Sharon Titanium 


536. Titanium Carbide 

29-page pocket-sized book reviews 
methods of manufacture, properties, uses. 
Bibliography. Titanium Rie, Mfg. Div. 
537. Tool Steel 


Literature on Cromotung, oil hardening 
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tool steel. Properties and applications 


Ziv Steel & Wire Co. 


538. Tool Steel 

44-page stock list is indexed and in- 
cludes sizes, weights, and analyses 
Decimal conversion and hardness con- 
version tables. Uddeholm 


539. Tool Steel 


44-page book on tool steels for the 
nonmetallurgist explains the six basic 
kinds of tool steels and their heat treat- 
ment. Crucible Steel 


540. Tool Steels 
Specification Chart gives tool steel 
names and designations for 15 companies 


and the Army and Navy. Vanadium- 
Alloys Steel 


541. Tool Steel Color Guide 
Color guide to estimate temperatures 

has heat colors on one side and temper 

colors on the other. Bethlehem Steel 


542. Tubing 

New 8-page catalog on carbon and 
alloy steel tubing of mechanical, pressure, 
airframe and aircraft mechanical quality. 
Ohio Seamless Tube 


543. Tubing 

12-page catalog on cold drawn mechani- 
cal, capillary nickel and nickel alloy 
tubing. J. Bishop & Co. Platinum Works 


544. Tubing 
Bulletin on aluminum preassembled 
refrigerator tubes. Wolverine Tube 


545. Tubing 

Data Card 186, guide to specifications 
and applications of tubular products, fit- 
tings and flanges in various grades of 
steel. Babcock & Wilcox 


546. Tungsten 

20-page bulletin on manufacture, prop- 
erties and uses of tungsten. Flow chart 
of tungsten production. Sylvania Elec- 
tric Products 


547. Ultra Strength Steel 

Results of three year research and test 
program evaluating properties of Type 
4340 steel for aircraft structures. Interna- 
tional Nickel 


548. Ultrasonic Cleaning 

Folder on Sonogen ultrasonic generator 
for metal cleaning. Branson 


549. Ultrasonic Testing 
Data folder describes instruments using 
ultrasonics for various tests—immerscope, 


“B” scan and flaw recorder. Curtiss- 
Wright 


550. Vacuum Metallizing 
Bulletin 780 gives uses and advantages 


287, 335 389) 383407) 431 
2880 336 360 384) 4082S 432 
290 «314 338 362 386 410 434 
291 «315 «8339 «863630 «6387 435 
292 316) «63400 364388 412 4386 
293 389413 437 
294 3420366 900 414438 
295 «6319 «3430 «63670 415439 
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30! 325 349 #373 «(445 
302. 3260 3800-3374 422s 446 
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304 328 «46352 «46376 «©6400 6424 «6448 
306 «6330s 3540S 378 402426 450 
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457 481 505 529 553 7301 
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468 4492 #516 540 Company 
469 

470 494 518 542 

495 543 Address 


478 502 526 550 


of vacuum metallizing, materials and 
properties of vacuum metallized coatings, 
the process, equipment. Stekes 


551. Vacuum Metallizing 

8-page catalog No. 551 on production 
and experimental-type metallizing units. 
High Vacuum Equipment Corp. 


552. Vacuum Metallurgy 
Information memo describes the high- 

vacuum technique ye systems 

Consolidated Vacuum Corp 


553. Vanadium in Steel 

189-page book on properties of ferrous 
alloys containing vanadium and _ their 
applications. Vanadium Corp 


554. Welding Electrode 

Bulletin No. 5 on the development of 
an electrode for metal arc welding of 
wrought 35 Ni-15Cr-1.25 Si alloy. Rolled 
Alloys 


555. Welding Electrodes 

84-page pocket-size booklet describes 
characteristics, coating, sizes of various 
electrodes and compares them with stand- 
ard designations and other electrode brand 
names. Harnischfeger 


556. Welding Equipment 
12-page bulletin 156 on special and 

aun resistance and arc welding 

equipment. Acro Welder Mfg. 


557. Welding Equipment 
Catalog on Cadweld process and arc- 
welding accessories. Erico Products 


558. Welding Repair 

New 4-page booklet on repair of cast 
iron parts by welding with Ni-Rod and 
Ni-Rod 55. International Nickel 


559. Welding Stainless 

8-page Bulletin GET-1955 gives arc- 
welding practices for stainless steels 
General Electric 


560. Wire Mesh Belts 

130-page manual on conveyor design, 
belt specifications. metallurgical data. 
Cambridge Wire Cloth 


561. X-Ray 

12-page bulletin on gamma radiography 
tells how to select the source, equipment, 
techniques and fundamentals of gamma 
radiation. Picker X-Ray 


562. X-Ray Diffraction 
Bulletin 8A-3505 on film or direct re- 


cording X-ray diffraction apparatus. 
X-Ray Div., General Electric 


563. X-Ray Supplies 
Bulletin on liquid X-ray developer, re- 
plenisher and fixer. Philip A. Hunt Co 
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AL TOOL STEELS are clearly marked 
... YoU can’t mix up grades in your stock 


Production Men Only 
“TOOL STEEL HANDBOOK” 


We say “production men only” because 
this is a work book, not a picture book. 
It's a case-bound volume of 196 pages, 
packed full of technical data on the analyses, 
uses, handling and shop treatment of all 
des of A-L Tool and Die Steels. Sent 
, but ask for it on your company 
d, please. 


Address Dept. MP-80 
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“What's that piece?” .. . “Are you 
sure?” In anybody's toolroom or 
stock racks, the best inventory or ma- 
terial identification system is apt to go 
haywire once in a while—and some- 
umes with grievous results, 

But not when you're using tool steel 
grades produced by Allegheny Ludlum! 
Each length of AL Tool Steel is clearly 
marked with its grade name every few 
inches the entire length of the bar 
stenciled in such a manner that the 


marking stays bright and clear, and 
can't be blurred or erased in handling 

Even a small crop end on a machine 
bench is readily identifiable—you can't 
go wrong. And that’s only a small part 
of the benefit you can fealize by using 
AL Tool Steels available from stocks 
coast to coast. Let our Metallurgical 
Service go to bat on some of your 
tougher tool steel problems. Allegheny 
Ludlum Steel Corporation, Oliver 
Bldg., Pittshurgh 22, Pa. 


For nearest representative, consult Yellow Section of your telephone book. 


For complete MODERN Tooling, call 


Allegheny Lud lum 


wew m 
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THE FOXBORO COMPANY, 


Heat treating temperatures stay right on the control 
line when the new Foxboro M/8lb Electric Pro- 
portional Controller handles furnace heat input. 
This fast-acting Controller assures the furnace a 
“balanced diet” of B.T.U.’s despite upsets, load 
changes, furnace lags, or ambient temperatures. 

Control action is simple — effective. The M/81b 
senses any tendency of temperature to move away 
from pre-set control point . . . qutomatically varies 


REG. U.S. PAT. OFF. 


529 NEPONSET AVENUE, 


This typical chart from 
Foxboro M/81lb Controller 
shows how furnace (left) 
is brought up to tempera- 
ture and precisely held at 
control point without over- 
shoot. Installation is on 
electric furnace hardening 
high-precision, small ma- 
chined parts. 


ratio of heat “time-on” to “time-off depending on 
changes in furnace loading. This Proportional-set 
Average-position Controller eliminates over- and 


under-shoot . . . maintains unusually uniform 
furnace conditions. 

For top performance from your electrically 
heated or fuel-fired muffle-type furnace .. . new 
or modernized . . . investigate Foxboro Electric 
Proportional Control. Write for Bulletin 4-11. 


FOXBORO, MASSACHUSETTS, 


Proportional Controllers 


U.S.A. 


VE 


HE UNITED STATES, CANADA, AND ENGLAND 
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BETHLEHEM STEEL COMPANY, BETHLEHEM, PAL 


Maker of Washers Rings the Bell 
with Die Made of Lehigh H 


A manufacturer of steel washers found 
that by using a piercing die made of 
Lehigh H tool steel, he could get longer, 
more economical production runs than 


with dies of another grade, 
used. 

The Lehigh H die produces thousands 
of round washers daily, in sizes from 
'¥ in. to 1 in. It is hardened to approxi- 
mately Rockwell C 61, and pierces 


formerly 
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5/32-in. C 1035 steel sheet. Because of 
the severity of the piercing operation, 
redressing of the die is required after 
every third turn, but only 0.020 in. is 
removed, Close to 100,000 washers are 
turned out between grinds, 

Lehigh H handles this blanking job 
to perfection because of its outstanding 
wear-resistance and toughness. Lehigh H 
is a superb high-carbon, high-chromium 
grade of air-hardening tool steel. It ean 
always be counted upon for a good job 
because of its resistance to wear, mini 
mum distortion in heat-treatment, and 
high compressive strength. 


TYPICAL ANALYSIS 
Carbon 1.55 


Molybdenum 0.80 
Chromium 11.50 Vanadium 0.40 


If there are applications in your shop 
which require a combination of wear- and 
shock-resistanece, plus high compressive 
strength, look into the advantages of 
Lehigh H. Your local Bethlehem tool steel 
distributor, as friendly a man as you'll 
find anywhere, is at your service, 


“TEAMWORK” 
WINS AWARD AT 
COLUMBUS FESTIVAL 


“Teamwork,” our new 30- 
minute color film on tool steel, 
received an award for exeel- 
lence in the Business and 
Industry category at the 
recent Fourth Annual 
Columbus Film Festival. 
“Teamwork” takes you be- 
hind the scenes in describing 
typical applications of our 
earbon, oil- and air-harden- 
ing, shock-resisting, hot- 
work and high-speed tool 
steels. It is now available 
for showings to die-mak- 
ers, heat-treaters, ma- 
chinists, machine-tool 
manufacturers and distributors, It's also 
an excellent film for technical society 
meetings, and for student groups, 

It’s easy to arrange to see “Teamwork.” 
All you need do is drop a line to the 
nearest Bethlehem office, or to Publiea- 
tions Department, Bethlehem Steel Com- 
pany, Bethlehem, Pa. If possible, please 
select a showing date well in advanee, to 
allow time for scheduling and shipping. 


BETHLEHEM TOOL STEEL 
ENGINEER SAYS: 


Punched Holes Often Close-in 


In precision punching it is eommon 
practice to make the punch diameter 
exactly the same as that of the desired 
hole. (All the clearance required is then 
applied to the I.D. of the die.) For many 
operations involving holes greater than 
1 in. diameter, for example, and stock less 
than % in. thiek, this procedure is cor- 
rect, But in other operations it is ineor- 
rect, because the elasticity of the stock 
causes the holes to close-in after punch- 
ing, so that the holes are actually smaller 
than the punch which made them, 

With large-diameter holes and thin 
stock, the elastic springback which tends 
to close-in a punched hole causes the 
stock to buckle instead, so that the hole 
diameter will be aceurate under these con- 
ditions. On holes 1 in, in diameter and 
smaller, expect a close-in of 0.002 to 0,003 
in. with stock Yq in. to '4 in. thiek, and 
a closing of 0.001 im. on stock 0.050 in 
thiek (22 gage). Closing will be negligible 
on stoek 0.010 in. thiek (32 gage 


For precision punching 


or lens 
therefore, add 
the expected close-in to the punch size to 
produce the correet hole diameter 


51 


Wa © 
BAK a 
Sec 
> 


SPECIAL REPORTS ON FINISHING 


NON-FERROUS METALS 


NUMBER I1I—Lustrous, Corrosion-Resistant Finishing with 


Chemical Polishing Iridite 


? 


® 
WHAT IRIDITE? 


Briefly, Iridite is the tradename for a specialized line of chromate conversion finishes. 
They are generally applied by dip, some by brush or spray, at or near room temperature, 
with automatic equipment or manual finishing facilities. During application, a chemical 
reaction occurs that produces a thin (.00002” max.) gel-like, complex chromate film of 


@ non-porous nature on the sucface of the metal. This film is an integral part of the 


metal itself, thus cannot flake, chip or peel. No special equipment, exhaust systems or 
specially trained personnel are required. 


Chromate conversion coatings are wide- 
ly accepted throughout industry as an 
economical means of providing corrosion 
protection, a good base for paint and de- 
corative finishes for non-ferrous metals. 
Certain of these coatings also possess 
chemical polishing abilities that have lus- 
ter-producing, as well as corrosion-inhib- 
iting, effects on zinc and cadmium plate, 
zinc die castings and copper alloys. How- 
ever, continued developments in this field 
have been so rapid that many manufac- 
turers may not be completely aware of the 
breadth of application of this type of fin- 
ish. Hence, this discussion of the many 
ways in which this chemical polishing 
characteristic can be used in final finishing 
or pre-plating treatments to produce a 
lustrous appearance with distinct display 
and sales appeal and appreciable savings 
in cost. Report I on decorative, corrosion- 
resistant finishes and Report II on paint 
base corrosion-resistant finishes are avail- 
able on request. 


The degree of luster possible on a sur- 
face is a function of the degree to which 
the surface can be smoothed. Leveling to 
provide a smooth surface can be achieved 
by mechanical or chemical means, or a 
combination of these, depending upon the 
luster desired and the original condition of 
the metal. Chemical polishing effectively 
imparts luster otherwise difficult and cost- 
ly to obtain. For this reason, it is often 
used to supplement or entirely replace 
mechanical polishing, depending upon the 
application and the original condition of 
the metal. Chemical polishing has the 
additional advantage of providing overall 
treatment of the submerged part. It 
reaches into even the deepest corners and 
recesses that are otherwise inaccessible. 
Certain of the Iridites are specifically de- 
signed to perform this chemical polishing 
operation. Also, they provide corrosion 
protection as do all Iridites, thus may be 
used as a final finish or a pre-plating polish. 


If Iridite is to be used as a final finish, in 
contrast to pre-plating treatment, the 
chromate conversion coating generated is 
allowed to remain, providing good corro- 
sion resistance. Color inherent in these 
Iridite films ranges from a yellow cast to 
yellow iridescent. These coatings may be 
used without further treatment where this 
color is acceptable and good corrosion re- 
sistance is desired. Further, these basic 
coatings can be tinted by dyeing. Among 
the dye tints available are shades of red, 
yellow, blue and green. If desirable, the 
basic coatings can also be modified by a 
bleach dip leaving a clear bright or blue 
iridescent finish. In all cases bleaching 
reduces corrosion resistance. 


As examples of this type of final finish- 
ing, Iridites #4-73 and #4-75 (Cast-Zinc- 
Brite) make possible for the first time, 
lustrous chemical polishing of the as-cast 
surface of zinc die castings. Thus, in 
many cases, sizeable savings in finishing 
cost are realized by elimination of plating 
costs. This economical method can be 
used on tools, appliance parts, toy pistols, 
locks and many other small castings. 
Another example is the treatment of cop- 
per and brass parts, such as welding tips, 
to eliminate buffing and provide addition- 
al corrosion resistance. In many cases, 
handling costs are reduced appreciably by 
replacing piece-part handling with bulk 
processing. Still another example of the 
use of this chemical polishing and protect- 
ive quality of Iridite is a simple system of 
zinc plate, Iridite and clear lacquer instead 
of more costly electroplated finishes. Typ- 
ical of this type of lustrous finish are 
builders hardware and wire goods. 


As a pre-plating treatment, in contrast 
to final finishes, Iridite can be used to 
chemically polish zinc die castings or cop- 
per prior to plating. In such cases, Iridite 
should be applied as an in-process step, so 
that the protective film is removed before 
the plating cycle. The savings in hand- 


ling, material and labor costs are obvious. 
This process has made it practical to plate 
chrome directly over copper on steel, con- 
serving nickel, yet producing a lustrous 
chrome finish. Used after stripping faul- 
ty plate in reprocessing zinc die castings, 
Iridite restores luster to the casting, 
thus making possible replating without 
blistering. 

Other Iridite finishes are available to 
produce maximum corrosion resistance, 
a wide variety of decorative finishes and 
excellent bases for paint on all commercial 
forms of the more commonly used non-fer- 
rous metals. As a final finish, appearance 
ranges from clear bright to olive drab and 
brown and many films can be bleached or 
dyed. As a paint base Iridite provides 
excellent initial and retentive paint adhe- 
sion and a self-healing property which pro- 
tects bare metal if exposed by scratching. 
Iridites have low electrical resistance. 
Some can be soldered and welded. The 
Iridite film itself does not affect the dimen- 
sional stability of close tolerance parts. 


Iridites are widely approved under both 
Armed Services and industrial specifica- 
tions because of their top performance, 
low cost and savings of materials and 
equipment. 

You can see then, that with the many 
factors to be considered, selection of the 
Iridite best suited to your product de- 
mands the services of a specialist. That's 
why Allied maintains a staff of competent 
Field Engineers—to help you select the 
Iridite to make your installation most effi- 
cient in improving the quality of your 
product. You'll find your Allied Field 
Engineer listed under “Plating Supplies” 
in your classified telephone book. Or, 
write direct and tell us your problem. 
Complete literature and data, as well as 
sample part processing, is available. 
Allied Research Products, Inc., 4004-06 
East Monument Street, Baltimore 5, 
Maryland. 
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“DRIVER-HARRIS TRAYS give a far 
lower heat-hour cost than any others 
we have used”...says Minneapolis-Moline 


Minneapolis Moline’s 
new “Ampli-Tore”’ 
drive mechanism as 
used on their 445 trac- 
tor, which Minneap- 
olis-Moline describes 
as “new from radiator 
to drawbar,” 


In heat-treating gears for the “Ampli- 
Torc’’ drive, these trays give an average 
life of 3000 hours of intermittent heating 
to 1700° F. and quenching. 


Minneapolis- Moline’s “Ampli- 
Torc” drive mechanism on their 
new M-M 445 tractor enables the 
operator to choose two forward 
speeds in each gear setting with- 
out stopping, clutching, shifting 
gears, or changing throttle. This 
allows a wide range of 10 for- 
ward and 2 reverse speeds. 

The gears for the “Ampli-Torc” demand 


fine steel—and heat-treating with special care. 
The gears must be uniformly exposed on all 


G 


surfaces. These and all other gears made by 
this highly regarded manufacturer are heat- 
treated in trays of a Driver-Harris Alloy, ex- 
pertly designed to their requirements by 
Driver-Harris. 


When it comes to heat-treating fixtures, 
trays, pots, retorts or muffles, you gain two 
distinct “bests” by ordering from Driver-Har- 
ris. You gain the benefit of our 38 years of 
experience in supplying the alloys which keep 
your heat-hour costs down to the absolute 
minimum — plus Driver-Harris engineering 
know-how in designing furnace fixtures that 
exactly fit your needs. Specify D-H alloys, as 
do Minneapolis-Moline and many other lead- 
ers of American industry, and both these bene- 
fits can be yours. 


*T.M, Reg. U.S. Pot, OF, 


Chromax*, Cimet’, 
made only by 


Drwer-Harvris HARRISON, NEW JERSEY 


4 COMPANY 


4. 


BRANCHES; Chicago, Detroit, Cleveland, Louisville, Los Angeles, San Francisco « In Canada: The 8. GREENING WIRE COMPANY, Lid, Hamilton, Ontario 
MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTROWIC ALLOYS IN THE WORLD 
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354 feet from loading end to quench press, this continu- 


Whatever your furnace : ous heat-treating line at Lukens Steel Co. processes 
wide steel plate quicker, more economically than ever 
needs for control— ; 


before. Feature of the line is a Drever furnace, con- 
There’s good n why more heat-treating = trolled by Electronik Air-O-Line instruments. 
furnaces everywhere are controlled by Brown 
instruments. First, of course, is performance . . . 
sensitive, precise control that meets the most 
exacting requirements of modern heat-treating 
techniques. And equally important is versa- 
tility. In this varied line of instrumentation 
you'll find just about everything a furnace 
could possibly need in the way of control. 


Choose ElectroniK Strip Chart Controllers for de- 

tailed, long-term records . . . and a selection of 

control forms including electric systems of the con- 
tact, position-propor- 
tioning (Electr-O-Line) 
and time-proportioning 
(Electr-O-Pulse) types; 
and pneumatic control 
from two-position to full 
proportional-plus-reset- 
plus-rate action. 


Choose ElectroniK Circular Chart Controllers for ease 


and pneumatic control 
forms. 


Note: the basic compo- 
nents of all ElectroniK 


speed up service. 


Choose ElectroniK Circular Scale Controllers where 
you want readability = 
and control check at ex- = ] 
treme distance . . . with- t t 
treme distance Ciose temperature 
Supplied with all con- 


tact and proportional 
types of electric control. 


Note: all ElectroniK 
models are available in 
both Standard and Pre- 
cision Series. 


Choose Pyr-O-Vane Controllers where you don’t 
need a record but do 
need precise vane type 
snap action electric con- 
trol by a millivoltmeter 
instrument... also avail- 
able with pulse-type 
time proportioning 
action, in both vertical 
and horizontal models. 


Choose the Protect-O-Vane Safety Cut-Off for simple, 
dependable excess temper- 
ature protection ...can be used 
with any temperature control 
to prevent furnace shut downs 
and loss of production. 


And... for all your pyrometer 
supplies, investigate the con- In the control pulpit, the operator can watch each zone 
venience and economy advan- temperature . . . clearly displayed on the circular chart 


tages of the HSM Plan. ElectroniK controllers on the instrument panel. 
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£ 
== 
== 
* 
j 


@ REFERENCE DATA: Write for Catalog 


limits in Lukens new 202’ furnace 


aan steel plate up to 130 inches wide, 1 inch 
thick and 40 feet long is heat treated in a new 
line now operating at Lukens Steel Company, Coates- 
ville, Pa. Designed by the Drever Co., Philadelphia, 
the line—longer than a football field—handles aus- 
tenitic stainless alloy plates. 


To handle the work that Lukens produces, the fur- 
nace was designed for accurate, flexible temperature 
control. 90 Bloom burners, firing either natural gas or 
No. 2 oil, supply heat under control of a battery of 
ElectroniK instruments. Through their Air-O-Line 
pneumatic control systems, these instruments regu- 
late heat input to each furnace zone. They hold 
temperatures at the values set by the operator .. . 
throughout working ranges between 900 and 2000°F. 


Close temperature control of this big furnace is the 


1531, “ElectroniK Controllers” and for 
Price List 56-1, “Furnace and Oven 
Controls.” 


BROWN 


one 


result of good furnace design . . . and top performance 
by instrumentation. It’s the kind of job for which 
ElectroniK controllers have been chosen in thousands 
of metalworking and metal producing plants for 
more than a decade. Whether you're planning new 
equipment or modernizing, be sure that you select 
ElectroniK instrumentation . . . to be sure of the best 
in controls, made by the world’s largest manufac- 
turer of controls. 


Let’s talk over your specific control problems. Just 
call your local Honeywell field engineer . . . he’s as 
near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Indus- 
trial Division, Wayne and Windrim Avenues, Phila- 
delphia 44, Pa.—in Canada, Toronto 17, Ontario. 


MIiNN EAP OLLI S 


ywell 


INSTRUMENTS 


Coitiols 
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Bottled gas for this little furnace is dried by the Controlled atmosphere gas fed from a central generator to all parts of 
Lectrodryer mounted above it. this plant is dried to ~40°F. dewpoint by this Type BWC Lectrodryer. 


When the controlled atmosphere must be DRY 
your generator builder will likely recommend a Lectrodryer 


vor FURNACE and gas generator manu- 
facturer will advise you on heat treating, 
brazing and sintering methods and equip- 
ment. Where the operation is critical and a 
Dry atmosphere is indicated, he will likely 
include a Lectrodryer. It provides depend- 
able Drying and needs very little attention 
to keep it working year after year. 


Consult your regular supplier for help on 
such problems. Pittsburgh Lectrodryer Co., 
317 32nd St., Pittsburgh 30, Pennsylvania 
(a McGraw Electric Company Division.) 


4 Five Lectrodryers DRY the 12,000 cubic feet of inert 
gas that surrounds the 30 tons of tin plate per hour being 
annealed in this tower-type furnace. 


In England: Birlec, Limited, Tyburn Road, Erdington, Birmingham. 
in France: Stein et Roubaix, 24 Rue Erlanger, Paris XVI. 
in Belgium. S.A Beige Stein et Roubaix, 320 Rue du Moulin, Bressoux-Liege 


LECTRODRYERS DRY 


LECTRODRYER 


* REGISTERED TRADEMARK U S. PAT. OFF 
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A rich, lustrous and, above all, serviceable metal that denotes quality at its 
finest .. . that’s Sharon Stainless Steel 


Nothing looks so well so long as stainless steel, but, more important, modern 
living standards demand a metal that wil) resist denting, corrosion, road 
abrasion and pitting. Stainless is beauty all the way through. It’s not a softy 
with a thin skin. 

This maximum utility plus excellence of finish and consistent uniformity, coil 
after coil, have been big reasons why Sharon has remained a leading supplier 
of stainless steel to the automotive industry since the very beginning 


SHARON STEEL CORPORATION Shaw 


DISTRICT SALES OFFICES: Davrow. Devaorr, 
Los Anoetes, New Youu Pri soetrmia, 
Rocweeres. Gan Paancisco. Suasonw. Searrte, Que. Tonowro, 


For modern living... W/ by 
. 
™ 


Announcing: 


OUR NEW PROCESS for WITRIDING STAINLESS STEEL 


“SUPERCASE” is especially adaptable for use on parts where 
an extremely hard, wear resistant surface with maximum 
corrosion resistance is needed. 


“SUPERCASE” has already been successfully proven in use by 
Electronics, Aircraft, Carburetor, Transmission and Small Parts 
manufacturers. 


“SUPERCASING” is rapidly being adopted by manufacturers 
in many other fields of industry. 


Advantages of “SUPERCASE” Over Older Nitriding Methods 


1. “SUPERCASE” depths are controlled to closer limits. A uniform, extremely 
hord case, approaching the hardness of a diamond, is obtained by this process 
with only a light case required. Normal case depth ranges between .0003 to 
0007, yet wear tests on “SUPERCASED” gears prove they outlasted, by sever - 
al times, the life of the unit to be used. 


2. “SUPERCASE” may be removed in the event of a change after ports have 
been finished — the parts re-worked and then re-nitrided. 


3. “SUPERCASE” may be done on a selective basis. To machine an area 
further after nitriding, area can be masked off and will remain soft after 
processing. 


4. “SUPERCASE” can be used on all types of Stainless Steel. 


ADVANTAGES of “SUPERCASE”’ 


CLOSER LIMITS 
Very Light Case required. 
REWORKING 


Case can be removed, parts 
reworked and re-nitrided. 


SELECTIVE BASIS 


Small areas may be masked to 
remain soft after nitriding. 


VARIETY 
“SUPERCASE” may be used on 


all stainless steels. 


We Maintain Complete Metal. 


| o WY 
| 
“THE STANDARD OF THE HEAT TREATING INDUSTRY” 
9467 Lovett Avenue Detroit 10, Michigan « Phone TAshmoo 5-0600 
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FROM 250 
4000 


PIECES” 


Gan Paancisco. Suanow. Searrie. Mow rasas Que 


Cities Service Chillo Cutting Oil produces astounding results for 
C.S.S. Machine & Tool Company, Philadelphia, Pa. 


Metal stamping ... precision grinding . .. machining 
... Stud welding ... tool and die making. These are 
some of the expert operations performed by the 120 
skilled employees of C.S.S. Machine & Tool Company 
of Philadelphia .. . operations based on many years’ 
knowhow and teamwork. And for the past year, with 
Cities Service cutting fluids, this work has been done 
with even greater precision, greater efficiency than 
ever before. 

In its tapping operation, for example, C.S.S. in- 
creased tap life from an average 250 pieces to over 
4000 pieces with Cities Service Chillo Cutting Oil. 
And in a drilling operation with its Brown and 


Sharpe Automatics, time required to make one piece 
was cut from 240 to 165 seconds! 

Says President F. G. Schutz: “Cities Service Chillo 
Cutting Oils are the best we've ever seen. Likewise, 
Cities Service Lubrication Engineers. It’s wonderful 
to deal with someone who knows our operation so 
well and has products that help improve it.” 

If you have a lubrication problem, or even if you're 
running smoothly, talk with a Cities Service Lubri- 
cation Engineer. He’s known for solving problems, 
known for making smooth operations still smoother. 
Or, if you prefer, write: Cities Service Oil Company, 
Sixty Wall Tower, New York 5, N.Y. 


CITIES () SERVICE 


QUALITY PETROLEUM PRODUCTS 
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WESTINGHOUSE 


Links temperature control with 
ten times lionger life 


With Westinghouse Magamp* magnetic amplifiers you can assure extraordinary 
predictable life for the critical job of amplifying temperature control signals; 
plus the fact that Magamp controls bring significant dollar savings. 

Actually, these link units are rated for at least 20 years of stable, trouble-free 
service, They are unaffected by heat, dirt or corrosive atmospheres and have no 
moving parts to stick or jam. In standard panel assemblies, you can apply Magamps 
for control on industrial furnaces regardless of size. 

In most cases, Magamp link units offer first cost savings of up to 50% over con- 
ventional controls. You'll see lower lifetime costs, too, since Magamp eliminates 
replacement and maintenance expense of conventional electronic controls. 

Further facts, ratings, and application data for standard Magamp link units 
are yours in a free Facts Folder. Contact your local Westinghouse sales engineer, 
or write: Westinghouse Electric Corporation, 3 Gateway Center, P. O. Box 868, 


Pittsburgh 30, Pennsylvania. * Trade- Mark 
J-01006 


WATCH WESTINGHOUSE! 
WHERE BIG THINGS ARE HAPPENING TODAY! 
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Produced by Vanadium-Alloys Steel Company to first quality metallurgical 
and performance standards, these die steels match every hot work need in the 
metal-forming industries. They are the specialized products of tool steel spe- 
cialists, made in a plant devoted exclusively to fine tool steels. Let our district 
sales engineers aid you in selection and application—their trained services are 
yours without obligation of any kind. 


The most widely used of ali hot work die 
steels. 5% chromium tops in strength and 
toughness, plus resistance to heat checking 
Use for die casting, extrusion and hot forging 
dies, backer blocks, mandrels, etc 


Tungsten High Speed Die Steel for high tem 
perature service, having excellent hot hard 
ness properties and wear resistance. Out 
standing on extrusion dies, hot press dies, 
trimming dies, and punches 


14% Tungsten Hot Work Steel, having high 
resistance to softening at elevated tempera 
tures. Recommended for piercers, punches 
and hot forming dies 


Die Stee! with additional 
h temperature work. Outstandin 
blocks for brass extrusion, ing 
dies, extrusion dies, and press dies 


High Alloy Stee! developed for maximum wear 
resistance at elevated temperatures Used for 
copper and brass extruding dies, brass dee 
casting dies, prercers for copper tubing, and 
nozzies on Linc die Casting machines 


14% Tungsten Die Stee! with increased carbon 
for better wearing properties. Particularly 
adapted for extrusion punches, piercers, and 
forming dies 


New, very deep hardening tungsten, chro 
mium, Cobalt and vanadium steel outperform 
ing 9.50 tungsten types. High resistance to 
wear and thermal fatigue. Use for hot ox 
trusion dies, permanent molds tor brass cast 
ing, forging die inserts, hot-press dives 


Vanadium-Alloys Steel Company 


Latrobe, Pennsylvania 


SUBSIDIARIES: Colonial Steel Co. * Anchor Drawn SteeiCo. «+ Pittsburgh Tool Steel Wire Co. 
Vanadium-Alloys Steel Canada Limited Vanadium-Alloys Steel Societa italiana Per Azioni 


10% Tungsten Hot Work Die Steel for tools 
requiring better resistance to hgh tempera 
tures. Excellent for punches, nut prercers and 
dies, and brass forging dies. 


: Warranty: 16 oz. of First Quality in every pou | ee i: 
: 
| 
y 
7 | | 


COPPER HELPED THE 


BOOST PRODUCTION 
UNBELIEVABLE 


The first core box with beryllium copper inserts, made 4 years ago, has turned out 
20,000 cores so far and is still in excellent condition! Reports Lebanon, "We may 
get 20,000 more cores blown out of that box, maybe 40,000, or even 60,000. There 
seems to be no end to the amount of wear the beryllium copper inserts will take.” 


In order to mass produce intricate armored steel louver castings for Army tanks, 
Lebanon purchased two coreblowing machines, The core box design, however, created 
very severe wear conditions for the metal inserts used. The space between the blades 
in the core box was only % in., and te form the sand completely in these narrow spaces, 
blow holes had to be drilled in the core box between each blade. With a hole diameter 
of % in., there was left only \¢ in. clearance between the hole and the blade on each side. 


The erosive force of the sand blasted through the blow holes under a pressure of 90 
psi dished out bellies and chipped the aluminum and chromium plated iron inserts 
after a production run of only 500 cores. These eroded spots made it impossible to 
eject the core from the box. Tolerances were completely lost... the coremaking 
machine had to be shut down, the core box dismantled and sent to the pattern shop. 
Sometimes weeks of valuable production time was lost. 


Since 1952, Lebanon has been using “Berytco” brand beryllium copper core box 
inserts—of the original 244 beryllium copper inserts purchased, every single one is 
still serviceable. Shutdown time due to core box repair, and the wasted labor and time 
in clerical work, transportation, and reconditioning, have been eliminated. 


: . F Most of the core boxes run about 16 « 8% «x 6% in, 

E A technical bulletin describing in greater detail the use of beryllium copper inserts in Each blade has .015 in. draft per side. The body of the 

re core boxes, and an all-new castings catalog listing the various “BeryLco” beryllium bon ts constructed of sluminum with stes! facing, and 

weighs approximately 75 lb. when assembled includ- 
copper alloys, their physical properties and casting advantages, will be sent to you ing the beryllium copper inserts 


upon request. Write today. 


THE BERYLLIUM CORPORATION 
@ Tuckerton Road * Dept. 6-H * Reading 9, Pennsylvania 
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Engineers— 


Ask P&G 
About Your 
Real Future 


Engineering models like the one above play a vital part in providing Procter & Gamble engineers with 
a three-dimensional look at the future. 


Naturally you can't build a scale model of your own future, but you can plan closely a future that 
will combine your technical skills with the greatest professional and personal opportunities. And in its 
Cincinnati engineering staffs for domestic and overseas activities P & G is ready to help you realize 
your engineering career plans in the following fields: 


¢ Automatic Machinery © Chemical Process Equipment © Power Generation and Distribution 
Instrumentation and Control Building Design Metallurgy 
e Construction Management 


Procter & Gamble offers you: 


¢ An immediate, challenging engineering role with one of the nation's leading manufacturers of 
soaps, detergents, drug products, food products and chemical specialties. 


¢ A program of career development custom-tailored for your interests—whether they are of a 
technical, administrative or managerial nature. 


e The opportunity to progress rapidly with a company that has doubled its business volume every 
10 years since 1900. Over half of the company’s total present business in household products 
is in brands not on the market 10 years ago. P & G has been cited by the American Institute 
of Management consistently as one of the nation's best-managed companies. 


Mr. J. E. Gale 

Engineering Division 
Your background qualifies you for any of the Procter & Gamble 
above opportunities . . . 17, Olle 


Dear Mr. Gale: 
You were graduated with an engineering de- : 
itn the tact 10 veers ! would like to know more about my real future 
gree wi y tee in engineering with Procter & Gamble. Please send 
me your four-color brochure “Future for Engineers 


DISCOVER YOUR REAL FUTURE and Chemists" and a personal data sheet. 
IN ENGINEERING AT P & G ie 
BY FILLING OUT AND MAILING Address. 
THE COUPON AT THE RIGHT 
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"What’s wrong? 


They’re both 8620 alloy steel!” 


A Baltimore manufacturer was working on an 
order for oil pump gears of 8620 alloy steel. 
The first lot of steel attained satisfactory core 
hardness—-but the second lot would not meet 
minimum hardness requirements. 

Both lots were bought from a reputable 
source. What went wrong? 


The same alloy, sure—but different heats! 
The manufacturer ran into trouble because 
the chemical composition and hardenability 
of different furnace heats of the same alloy 
can and do vary (within AISI and SAE limits) 
enough to have a marked effect on heat treat- 
ment response. As a result of such variation, 
the “right’”’ alloy failed. 


Here’s why this can’t happen 
with Ryerson alloys 
Unfailing protection against the hazards of 


RYERSON STEEL 


In stock: Bars, structurals, plates, sheets, tubing, alloy and 
stainless steel, reinforcing bors, machinery & tools, etc. 


varying properties and hardenability is always 
yours when you specify and buy Ryerson cer- 
tified alloys. That’s because we test your par- 
ticular lot of steel for heat treatment response, 
verify its chemical composition —and give you 
a record of these tests, keyed to the identifi- 
cation symbol on the steel. 


So there’s no guesswork—no need to rely 
on typical hardenability figures for your type 
of steel. With Ryerson certified alloys you 


know the actual, proved hardenability of the 
steel. 


This extra assurance of quality doesn’t cost 
you a cent—and it’s only part of an 8-step 
quality control program to prevent the break- 
down of equipment, the scrapping or rework- 
ing of rejects that may result when you're not 
sure of the alloys you buy. So next time— 
order Ryerson certified alloys and be sure. 


JOSEPH T. RYERSON & SON, INC, PLANTS AT; NEW YORK * BOSTON * WALLINGFORD, CONN. + PHILADELPHIA * CHARLOTTE, N. C. * CINCINNATI 
CLEVELAND * DETROIT + PITTSBURGH + BUFFALO + CHICAGO + MILWAUKEE « ST. LOUIS * LOS ANGELES * SAN FRANCISCO + SPOKANE « SEATTLE 
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Metal 
Progress 


Volume 70, No. 2 


August 1956 


Research Into Metals— 
by Producers and Consumers 


Early summertime seemed to be the time for 
the Editor to visit research laboratories, either to 
review acquaintances with older ones or to at- 
tend coming-out parties for the new ones. The 
first such visit illustrated vividly the rapid 
growth of sponsored research in the United 
States. Compared with the situation in 1935, 
when he first dropped in at Battelle Memorial 
Institute in Columbus, Ohio, there has been a 
five-fold increase in laboratory floor space, a 
20-fold increase in staff and an 80-fold increase 
in dollar volume of sponsored research—a perfect 
example of increasing returns, and a tribute to 
the quality of work being done and to the astute 
management. Battelle's most recent additions 
are on a 400-acre tract some 15 miles from the 
present address, where three buildings for the 
study of power reactors and components are 
nearing completion, at a cost of a cool half mil- 
lion each. (Modern research is expensive!) The 
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above figures on growth do not include, by the 
way, Battelle's Geneva and 
Frankfurt, established not so much to use foreign 
brains to work for American clients as to study 
difficult problems for European industrial firms. 


Compared with the work-a-day appearance of 
these quarters in Columbus, the new General 
Motors Technical Center, west of Detroit, at 
Warren, Mich., glitters like an architect's dream 
— as indeed it should, being the creation of Eero 
Saarinen, one of the best of them now living. It 
does little good to say that this group of 25 
buildings, owned by America’s largest consumer 
of metals, occupies 330 acres of ground and em- 
ploys nearly 5000 scientists, engineers, tech- 
nicians and executives, and is rumored to cost 125 
million. It is more truly an assemblage of ac- 
tivities some considerably enlarged — which 
previously have been scattered over GM Land. 
Kettering, the grand old man of automotive re- 
search, likened it to a golf course where an 
intelligent player can make practice shots. “If 


laboratories at 
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he's good, eventually he will break 70!” he said. 
Most interesting is the subdivision of activities 
into four separate units — engineering, manufac- 
turing, styling and research — each heading up 
to its own vice-president and coordinated only 
by a general staff reporting directly to the presi- 
dent of the Corporation. This, you might say, 
would involve some duplication of equipment 
and effort. For example, each of these units has 
its own metallurgical department, staffed and 
equipped appropriately to its duties, and they 
work in complete independence. However, a 
major problem has many aspects; the men in the 
Engineering Unit would be occupied with phases 
much closer to production than those angles that 
are tackled by the Research Unit. Any of the 
units, when it develops a new idea attractive to 
one of the car divisions, an accessory division, an 
engine or appliance division, tries to sell — liter- 
ally sell —it to that manufacturing group. 


8 

United States Steel Corp., the world’s largest 
producer of steel, has also recently collected a 
number of scattered laboratories into some new 
buildings at Monroeville, due east of Pittsburgh, 
at the Pennsylvania turnpike. The airplane view 
shows laboratories for applied research in the 
group of buildings at the right. Most interesting 
to this observer was the strip mill where auto- 
matic controls and inspection devices are studied 
and improved, and the continuous electroplating 
unit — pint-sized in comparison—which has 


Aerial View of General Motors Technical Center at Warren, Mich. 


been responsible for the enormous mills now 
making tin plate and galvanized. The labora- 
tory for fundamental research is at the left of the 
view; its equipment and staff have been moved 
from the quarters at Kearny, N.J.  Fittingly 
enough it is named the Edgar C. Bain Labora- 
tory for Fundamental Research, and the orna- 
mentation over the portal shows a space model 
of alpha iron, a flame, and upsoaring wings, 
which I interpret to mean that this is the place 
where iron and heat and imaginative inquiry are 
joined. In industrial activities, “fundamental” 
and “applied” research merge into one another; 
at Monroeville a rough-and-ready distinction is 
that if an answer to a question is needed within 
a limited time — say, six months — it is “applied” 
research; a longer inquiry goes “fundamental”. 


Then, on another day, to Westinghouse’s new 
research center nearby, and to its admirable 
metals plant 30 miles further east at Blairsville. 
At the first-mentioned much is made of theore- 
tical work, to judge from the plush offices oc- 
cupied by the thinkers. For a minute I imagined 
I was approaching the quarters of the Corpora- 
tion's president! But no— merely the abode of 
pure science. Here I was told of one example 
wherein a group of mechanical engineers, metal- 
lurgists, experts in magnetism and in corrosion, 
working together, solved a difficult problem with 
much profit. It appears that turbines are sold 
to a specified efficiency, and the maker gets a 
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Aerial View of U.S. Steel Research Center at Monroeville, Pa. 


sizable bonus for each extra percentage point in 
actual performance. So the commercial depart- 
ment says to the research laboratory, “If we can 
increase the inlet steam temperature by 50° F., 
the efficiency will go up 0.6%, and this is worth 
about $300,000 extra on a 300,000-kw. machine.” 
The mechanical engineers said the most critical 
item was the first row of buckets on the turbine 
wheel. Their temperature resistance could 
readily be boosted if the conventional high- 
chromium martensitic steel were replaced with 
a chromium-nickel alloy, but the proposed ma- 
terial has poor damping characteristics — dan- 
gerous harmonic vibrations would be set up 
under operating conditions. Here's where the 
magnetic boys came in: They said that, gen- 
erally speaking, nonmagnetic alloys have poor 
damping, whereas ferromagnetic alloys have 
good. So it was necessary to make the first row 
of a cobalt-base alloy. The result is an austenitic, 
ferromagnetic alloy which dampened out the 
harmonics, but it turned out to have poor cor- 
rosion resistance. Then the corrosion expert 
suggested a pinch of silicon to induce the proper 
amount of passivity. .. . This bit of teamwork — 


largely based on theoretical concepts — could 
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pay for the entire research laboratory's expense 
that year! 

Westinghouse’s pilot metal manufacturing re- 
search plant at Blairsville is equipped to do al- 
most anything — and close to a commercial scale 
for specialties. For only one example: Sezi- 
commercial production of small horseshoe mag- 
nets for electric meters by the shell molding and 
by the investment process was under way to dis- 
cover the competitive advantages and the modi- 
fications desirable to improve the product and 
lower the cost, whereupon the operation could 
be transferred bodily to the meter factory. An- 
other important example is the vacuum melting 
and casting of 2000-Ib. ingots in special molds 
in such a way as to reproduce the macrostructure 
of the large ones from which rotor forgings are 
made. Such ingots made and forged from electro- 
lytic iron and refined carbon will help supply 
a reference datum to which can be related the 
specific effect of several variables which in 
combination are responsible for some recent 
turbo-generator failures — none of which, by the 
way, happened to machines that were built by 
Westinghouse. 6 


Westinghouse Research Laboratories of Pittshurgh 
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World’s Largest Forging Die for a 50,000-Ton Press 


So large the plaster model was made in two 

pieces to keep within dimensional tolerances. 

To sink this half-die required two months of continuous work, 
day and night. Aluminum forgings to be made 

in it are for a 4-jet seaplane; they are 13 ft. 

long, 3 ft. wide, 12 in. thick, and weigh 3000 Ib. 

Photo courtesy Aluminum Co. of America 


Tool Life Increased 


With New Steel 


By J. Y. RIEDEL* 


A new chromium-molybdenum toolsteel has been developed 
with improved shock resistance and service life 


in both hot and cold work applications. (TS) 


: a COMBINATION of hot and cold shock 
resistance and high hardness for resistance to 
wear in a single tool is one of the most difficult 
yet most desirable characteristics sought by 
users, A toolsteel with such properties would be 
versatile and could be used for a wide variety of 
tools ranging from rivet sets and chisels to hot 
headers and die-casting dies. 

Such a combination seems to have been real- 
ized in a new steel, called Bearcat, recently 
developed by Bethlehem Steel Co. Its nominal 
composition is 0.50% C, 0.70% Mn, 0.27% Si, 3.25% 
Cr and 1.40% Mo. Heat treatment is relatively 
easy and when fully annealed, machinability is 
about 95% of that of a 1% carbon steel. 

One of the applications in which it has given 
remarkable service is the notching die used to 
make automobile windshield garnish mold from 
0.020-in. cold rolled strip. The production rate 
is 330 pieces per hour on a 28-ton press. Two 
other grades of steel have been used in this 
application, a manganese-chromium-tungsten oil 
hardening steel and a chromium-tungsten shock 
resisting steel. A maximum of 1400 pieces 
was produced before the tool broke. Because of 
the severity of the application this was consid- 
ered good production, even though it was neces- 
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sary to change the die about five times a day, or 
25 times a week. 

When the new toolsteel was adopted, up to 
10,000 pieces per die were produced so that dies 
lasted the full week without replacement. Con- 
sidering the amount of downtime saved, as well 
as the cost of approximately $50 to make a die, 
the change-over was an improvement of major 
importance. 

Similar savings were realized in the fabrication 
of the plate used as the cutting edge on highway 
snowplows, Fifteen holes, 11/16 in. square, must 
be punched in the %-in. thick, 0.80% carbon steel 
plate. Four different grades of silicon-manganese 
shock resisting steels had been used by the snow- 
plow manufacturer and the service life of the 
punches varied from 300 to 1500 holes per punch. 
Punches made from the Bearcat toolsteel, hard- 
ened to C-56 to 57, produce an average of 5500 
holes. Only a light dressing is required after 
punching about 1500 holes. 

Shear blades used to cut steel reinforcing bars 
and joists were formerly made from silicon- 
manganese steel, and in one plant about 400 tons 
of material was sheared with each side of the 


*Toolsteel Engineer, Bethlehem Steel Co., Beth- 
lehem, Pa. 
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Die Set Used for Notching Windshield Garnish Molding 


blade before redressing was required, When the 
new toolsteel, hardened to C-59, was tried aver- 
age production rose to more than 830 tons of 
material per side. 

A hot work application in which the new alloy 
has been used successfully is the hot riveting 
of boilers, With standard rivet sets made from 
water hardening carbon steel, no more than 300 
hot rivets could be driven before the sets cracked 
or spalled, Occasionally it was possible to extend 
the life of the sets by recupping, but more often 
this did not prove successful. With the new rivet 
sets, the average run increased from 300 to nearly 
2500 before recupping was required, Further- 
more, this steel lends itself very well to the re- 
cupping operation, which is done by grinding 
and requires no subsequent heat treatment. It 
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also retains its original hardness under heat, re- 
gardless of the length of exposure. 

In forging, the steel should be preheated at 
1200 to 1300° F. before it is raised to forging 
temperature, 2000 to 2050° F. Forging should be 
discontinued at 1700° F. and the piece should be 
reheated if necessary. The forging should be 
cooled slowly by burying in lime, silocel, ashes or 
other insulating material, Normalizing is not 
recommended. 

Annealing should be carried out in sealed con- 
tainers filled with an inert material. After heating 
to 1500 to 1550° F. the steel is held at tempera- 
ture for 1% hr. for each inch of thickness. For the 
best machining properties it is cooled slowly to 
1000° F. and then air cooled. 

The work must be hardened either in a pro- 
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Punching holes in Plate 
Used for Snowplow Edges 


Shear Used to Cut 
Reinforcing Bars 


tective atmosphere or in a container packed in 
cast iron chips. It should be preheated to 1200 
to 1300° F. and then heated to 1725° F. Sections 
up to 2% in. diameter may be quenched in still 
air. Sections 2'2 to 6 in. are oil quenched until 
black and then cooled in air. Massive sections 
larger than 6 in. should be oil quenched to 150° 
F. Tempering should be performed immediately 
after the work cools to about 150° F. The temper- 
ing temperature varies according to the intended 
use. For cold work applications a temperature of 
400° F. is recommended; for hot work applica- 
tions, 900 to 1000° F. Time at temperature should 
be 1% to 2 hr. per inch of thickness. 6 
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Metallography 
Space Traveler 


By C. R. SIMCOE* 


The structure of metallic meteorites, the only known objects on earth 
which have traveled through space, can provide some clues 


to the environment of long-range ballistic missiles 


aa have been a source of mys- 
tery and awe for centuries. These “stones from 
heaven” have been worshipped by some ancient 
peoples and feared by others who attempted to 
destroy them by burying them or dropping them 
into lakes. A few practical tribes discovered their 
utility and hammered them into tools and 
weapons. 

Their source is out of this world but their 
exact origin is still unknown. Some speculate 
that they come from outside our solar system 
while others believe them to be fragments of a 
tenth planet which once circled the sun. Some 
meteoritists have suggested that they were 
formed in space from the collection of cosmic 
dust. Whatever their origin, they are the only 
objects in the world known to us that have 
traveled through space and passed completely 
through the atmosphere without being destroyed. 
Intensive study of their properties may be helpful 
in the development of both long-range ballistic 
missiles and earth satellites. 

Re Scientific studies on meteorites have been 

*Principal Metallurgist, Battelle Memorial Insti- 
tute, Columbus, Ohio. The author wishes to acknow!l- 
edge the aid of a number of Battelle staff members, 
especially R. D. Buchheit, who performed the 
metallographic work. The meteorites were furnished 


by Dr. Lincoln LaPaz, Institute of Meteoritics, 
University of New Mexico. 
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and earth satellites. (N general, Fe, Ni) 


carried out since the eighteenth century, and the 
irons were first sectioned and examined in 1808 
by Widmanstitten. In fact, much of the early 
study of metal structures was on meteoric iron. 
Recent studies have been sporadic and consider- 
able work remains to be done before the metal- 
lurgy of meteorites is understood. Actually, only 
about 5% of all meteorites are metallic; the non- 
metallic or stone meteorites also present a very 
large and fertile field for further studies, 

Some representative meteorites are shown in 
Fig. 1. Inset at the lower right on p. 73 is the 
404-g. fragment from the Canyon Diablo, Ariz., 
meteorite fall with which we have been work- 
ing. Its surface is very irregular and exhibits the 
characteristic markings of the irons. The white 
areas are crusts of sand which may be rubbed off 
easily. Its composition is 7.0% Ni, 0.25% P, 0.10% 
Co, 0.01% Ge, 0.005% Cu, 0.002% Ca, remainder 
iron. The other meteorites are a Henbury, Aus- 
tralia, iron (small one above), a Chico Hills, 
N. M., stone (the larger one above), and a 
plaster cast of the Ainsworth, Neb., iron (the 
large one on p. 73). 

A polished and etched cross section of the 
Canyon Diablo meteorite is shown in Fig. 2. It 
has the typical Widmanstitten structure with 
thick plates of alpha-iron grains which are pref- 
erentially oriented along the octahedral planes 
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of the gamma iron from which they transformed. 
This type of structure has been produced in the 
laboratory but the plates are not as thick as in 
meteorites, The large compound inclusions in the 
upper right portion of the macrograph (Fig. 2) 
are particles of schriebersite, an 
phosphide. 


iron-nickel 


Since the Widmanstatten pattern shows the 
same orientation over the entire cross section of 
the meteorite, it apparently formed within a 
single crystal of gamma iron. In fact, most iron 
meteorites that have been sectioned show only a 
single orientation of this structure. Therefore, 
they must be smaller than the individual grains 
of gamma iron of the body from which they were 
produced. Such grains are fantastically larger 
than those in man-melted iron and it must be 
assumed that the original body cooled extremely 
slowly from liquid to solid. This cooling rate was 
probably maintained down through the trans- 
formation which occurs from 1300 to 800° F. for 
an iron containing 7% nickel. Just as slow cooling 
must have produced the large gamma-iron struc- 
ture, it must also have produced the wide alpha- 
iron bands of the Widmanstitten structure. 

At high magnification, a more complex struc- 
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Fig. 1—Meteorites Showing Typical Surface Markings 


ture becomes apparent which indicates that two 
other phase changes occurred after formation of 
the coarse Widmanstitten structure, Within the 
coarse Widmanstitten structure, which contains 
particles of austenite and schriebersite at the 
boundaries, are intermediate-size grains of fer- 
rite. Within these grains, there is a much finer 
pattern of ferrite grains indicating a third trans 
formation. The fine grains are obvious in the 
eight or ten intermediate-size grains in Fig. 3. 
The particles marked A are schriebersite and 
those marked B are the iron-nickel gamma phase. 
In the latter there is a fine precipitate of ferrite 
in a Widmanstitten structure. 

The intermediate structure was apparently 
formed as a result of recrystallization of the 
original Widmanstitten structure. Its coarseness 
indicates either a high recrystallization tempera- 
ture or extremely long times at a low recrystal- 
lization temperature, The latter is more likely 
since high temperatures cause drastic alterations 
in the schriebersite structure and the schriebersite 
in this specimen does not seem to have been 
altered since it originally formed. The meteorite 
probably recrystallized 
the fine-grained structure. 


to form 
Again the reerystal- 


second time 
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lization temperature was not high enough to 
affect the schriebersite phase. 

The cause of the two recrystallization processes 
can only be a matter for conjecture. However, 
either or both could have resulted from the def- 
ormation and heat produced by the disruption 
which destroyed the original body from which 
this and the rest of the meteorites in the fal] were 
produced, It seems more likely that the inter- 
mediate structure was produced at this time and 


Fig. 2 — Coarse Widmanstdtten Structure of 
the Canyon Diablo Meteorite. Nital etch; 3 ¥ 


that the fine-grained structure was caused by 
collisions in space and cosmic heating. It has 
also been suggested that this final structure may 
have developed from heat generated as a result 
of entry into the earth's atmosphere and impact 
upon the earth's surface. 

One of the peculiarities of structure is the 
eutectic or eutectoid-like appearance of patches 
of ferrite and austenite as shown in Fig. 4. The 


occurrence of the two phases as alternate plates 


Fig. 3 — Typical Microstruc- 
ture of the Meteorite. Nital 
etch; 50 x. Schriebersite is 
marked A and austenite B 
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Fig. 4 — Eutectoid-Like Struc- 
ture of Alternate Plates of Ferrite 
and Austenite. Nital etch; 100 » 


would indicate that the iron-nickel phase dia- 
gram consisted, at elevated temperature, of a 
single phase which decomposed by a eutectoid 
reaction at some lower temperature and that the 
nickel-rich terminal solid solution exhibited a 
sharply decreasing solubility for iron at sub- 
eutectoid temperatures, With these postulations, 
one could explain not only the presence of the 
eutectoid-like structure but also the formation 
of ferrite within the gamma-iron particles found 
at some grain boundaries, Unfortunately, the 
iron-nickel phase diagram contains no eutectoid 
transformation nor does it show a decreasing 
solubility for iron in the nickel-rich phase, It 
could be that the eutectoid reaction is peculair 
to the iron-nickel-phosphorus diagram rather 
than the iron-nickel diagram, but this does not 
seem likely because the quantity of schriebersite 
present suggests that it contains practically all 
of the phosphorus. Perhaps all that can be said 
is that the formation of gamma-iron plates is 
not understood at present but there seems to be 
reason for doubting the published iron-nickel 
phase diagram, 

Attempts were made to reproduce in the lab- 
oratory the heating and cooling cycles to which 
the meteorite had been exposed. The first series 
of tests was performed by heating small speci- 
mens very rapidly by an oxy-acetylene torch to 
1200 and 1500° F. and then water quenching. 
Only 10 to 15 sec. was required to complete this 
heating and cooling cycle. The second series of 
tests consisted of heating small specimens for 30 
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min. at 1500, 1800 and 2000° F. These samples 
were heated and cooled in air, It was thought 
that heating during the first series of tests might 
be similar to heating on entry into the earth's 
atmosphere and that the second might be similar 
to the longer times of heating that could result 
if the meteorite were heated by cosmic radiation 
or close approaches to the sun. 

The structure of the sample heated rapidly to 
1200° F. indicates that the meteorite had not 
been exposed to temperatures that high sub- 
sequent to the formation of the original coarse 
Widmanstitten structure, because of the two 
structural changes evident in Fig. 5. The fine 
ferrite grains coarsened and became more irregu- 
lar in shape and the schriebersite either under- 
went a solid-state transformation or melted, The 
cored white particles within the massive particle 
indicate melting; however, there is no evidence 
in the literature that melting would occur at this 
low temperature. The melting of a mixture of 
artificial schriebersite of 65% iron, 20% nickel and 
15% phosphorus was found to be approximately 
1900° F. 

Rapid heating to 1500° F. by the oxy-acetylene 
torch followed by water quenching further 
coarsened the grain and caused what appears to 
be eutectoid transformation in the schriebersite 
phase. As would be expected, the heat treatments 
at 1500, 1800 and 2000° F. for 30 min, produced 
even greater changes in the structure than did 
the lower-temperature shorter-time treatments. 
The ferrite grains were considerably coarser and 
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changes in the schriebersite phase were exceed- 
ingly drastic as shown in Fig. 6. A wide reaction 
zone was formed around the schriebersite and 
its structure has the appearance of a eutectic. 
Since temperatures of 1800 and 2000° F. are 
within the melting-point range for the artificial 
schriebersite mentioned previously, it appears 


that melting may have occurred in this specimen. 

While carbide particles are frequently found 
in Canyon Diablo meteorites, they were not ob- 
served in the original fragment examined. How- 
ever, carbide particles were discovered in one 
of the heat treated specimens. In this specimen, 
carbon diffused from the carbide particle into the 
matrix forming pearlite, martensite and bainite 
when the specimen was cooled, Because the 
original body from which this meteorite was pro- 
duced must have cooled very slowly, it is not 
readily understood why the carbon should be 
present in the form of carbides. The true 


Fig. 5 — Structural Changes on 
Heating Meteorite Fragment to 
1200° F, Nital etch; 250 » 


equilibrium structure in the iron-carbon system 
is iron and graphite. It would be expected that 
carbon in the meteorite would be in this form. 

The meteorite fragment was coated with a 
thin adherent oxide film which was found to be 
gamma Fe.O,°H,O. It is not known whether 
this oxide was formed during entry into the 
atmosphere or as a result of weathering since 
that time. Although this fragment had been sub- 
jected to the earth’s atmosphere for approx- 
imately 50,000 years, it seems unlikely that the 
oxide film resulted from weathering. This deduc- 
tion was arrived at from the relatively thin but 
adherent film and from the sharp edges and 
points that still exist on the meteorite. The 
meteorite has external characteristics which are 
typical of iron-base meteorites regardless of their 
age. At the same time, its structure at the surface 
or in the interior shows no evidence that drastic 
heating occurred during the entry of the meteor- 


Fig. 6 — Effect of Heating 
Schriebersite at 1800° 
F. Nital etch; 500 » 
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Fig. 7 — Oxidation of Ferrite 
Plates in Austenite at Surface 
of Meteorite. Nital etch; 100 x 


ite into the atmosphere. Furthermore, the exist- 
ence of sharp edges and points is not consistent 
with some of the theories concerning high-speed 
aerodynamic heating. 


Figure 7 shows a field at an external point of 


the meteorite. Originally this field consisted of 
alternate plates of ferrite and austenite. When 
oxidation occurred, the ferrite plates were con- 
verted to oxide, the gray constituent in the photo- 
micrograph, whereas a considerable quantity of 
the austenite was unaffected. The resulting 
structure consisted of plates of gamma 
Fe,O,-H,O surrounded by nickel-rich regions 
of austenite. It is difficult to conceive of this 
happening had the oxide formed under drastic 
heating conditions. Further work will be neces- 
sary before the formation conditions of this oxide 
can be determined. 

It appears that this meteorite came from a 
body which was slowly cooled from the molten 
state. It is not possible to determine even the 
order of magnitude of this cooling rate, but it 
is conceivable that it could have been as slow 
as 1° F. in 100,000 years, Also, cooling in the 
solid state must have been extremely slow 
through the gamma-to-alpha transformation tem- 
perature range. 

It appears that the original body was still 
intact when the transformation was complete in 
the region which included this fragment. In fact, 
by the time the body was disrupted its tempera- 
ture may have ranged from a few hundred de- 
grees Fahrenheit down to nearly absolute zero. 
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The strain and heat involved in the disruption 
may have recrystallized the original Widman- 
stiitten ferrite to produce the intermediate struc- 
ture. The temperature involved in this process 
was not high enough to cause any alteration of 
the schriebersite or austenite. 

The fine equiaxed alpha-iron grains must have 
formed by a second recrystallization process 
resulting from cosmic heating or heating by 
radiation from the sun in space or after it was 
on the surface of the earth. Detailed examination 
of the structure of the fragment and of the effect 
of heat treatment on its structure showed that it 
could not have been heated to high temperatures, 
even for short times at temperatures as high as 
1200° F., since the time the transformation to 
the Widmanstatten ferrite occurred, 

Although considerable information has been 
obtained from past studies of the structures of 
meteorites, much can be learned from further 
studies in this field. Additional work is needed on 
the changes in composition and structure of the 
schriebersite phase on heating. Additional work 
is also needed on the gamma-iron phase before 
structures such as shown in Fig. 4 are under- 
stood, Perhaps from the structures of metallic 
meteorites we may increase our knowledge of 
their origin and of the thermal history of the 
bodies from which they originate. Certainly 
further work is necessary before definite con- 
clusions can be made concerning the effect of 
aerodynamic heating during entry into the earth's 
atmosphere. 
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Machining 
Hard and Brittle Materials 


By R. C. HALL* 


The laboratory equipment necessary to cut or machine hard or brittle materials 
by the electric spark method is simple and inexpensive to build. 
Metal removal rate is low but the cut surface 

is free from burrs and strain. (G 17) 


a CUTTING, sometimes called electric in order to provide fresh fluid and to remove any 


spark machining or electro-erosion, is a strain- small metal particles. Both the workpiece and the 
free machining process with which any hard or electrode are gradually worn away and the elec- 
soft material that conducts electricity may be trode must be replaced occasionally. High in- 
cut. Hard materials such as high speed steels, — stantaneous currents occur in the are but there 
carbides, cermets and high-temperature alloys _ is little rise in temperature of the workpiece. 
which are difficult or nearly impossible to ma- Williams and Porterfield have found that the 


chine by conventional methods, may be readily 
spark-cut without surface cracking. Since there Fig. 1 — Electrical Diagram for Sim- 
is no slurring of surface layers of the workpiece, ple Spark-Cutting Apparatus. R, 90 
spark cutting may also be used where a machin- ohms; C, 16 microfarads; V, voltmeter 
ing process is required which leaves no burr. 0 to 300 v.; A, ammeter, 0 to 10 amp. 
In the laboratory the process may be used to cut 
single crystals or polycrystalline materials when 
a strain-free surface is essential. 

Machining action occurs by the formation of - 
an electrical are across the machining gap, that | 
is, between the electrode and the workpiece. A 250 Velts 
dielectric fluid such as oil, kerosene or water, is D.C. Cc 
required in the gap and forced flow is beneficial 


Electrode — 7 
/ 


*Magnetic Materials Development Laboratory, 
Westinghouse Electric Corp., East Pittsburgh, Pa. Soe 
This work was supported in part by the Aeronautical Work Piece + 
Research Laboratory of the Wright Air Development 


Center. Dielectric Fluid 
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Fig. 2 — Spark-Cutting Equipment Used to Section Hard Materials 


surface layer affected by the arcing rarely reaches 
0.0015 in. in depth.* X-ray back-reflection pat- 
terns have indicated that no strain is produced in 
spark-cut single crystals of silicon iron and of 
aluminum. Patterns on spark-cut single crystals 
of 12 and 17% aluminum iron reveal a slightly 
strained surface. 

A laboratory spark-cutting apparatus may be 
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assembled cheaply and quickly; a satisfactory 
electrical system is illustrated in Fig. 1. The volt- 
age and capacitance may be altered to vary the 
speed of cutting and the quality of the cut sur- 
face; a slower cutting speed (lower voltage and 

*“Electric Spark Machining” by E. M. Williams 


and C. P. Porterfield, Consulting Engineer, April 
1955, p. 34 to 37. 
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capacitance) will produce surfaces of higher 
quality. A spark-cutting unit was constructed for 
taking slices from single-crystal bars and for sec- 
tioning sheet or plate of hard and brittle poly- 
crystalline materials such as the 17% aluminum- 
iron alloy. 

This apparatus, shown in Fig. 2, was assem- 
bled on a drill press, The arbor of the drill press, 
holding the brass disk electrode, is fixed at the 
desired height. Revolution of the disk causes it 
to wear evenly and produces the forced flow of 
the kerosene. (The kerosene level was lowered 
for the photograph, ) It is advantageous to use as 
thin an electrode as possible in order to reduce 
the amount of cutting action required; also the 
disk must rotate evenly. The workpiece is 
clamped to the insulating holder; in this instance 
it is a polycrystalline plate of 17% aluminum iron 
which was subsequently sliced without forming 
surface cracks, The tank and workpiece are ad- 
vanced manually by means of the fine-threaded 
rod at right. The proper machining gap is main- 
tained by observation of the voltage; if the elec- 
trode and workpiece come too close and make 
contact, the voltage will drop to zero and arcing 
will cease. 

Another simple apparatus for cutting circular 
disks or squares from sheet material is shown in 
Fig, 3. The workpiece is clamped or glued to the 
insulating base. A hollow electrode is machined 
to the desired shape and kerosene is pumped 
down the center. The electrode may move only 
in the vertical direction, that is, up or down. 
Arcing proceeds when the electrode is lowered 
until the machining gap is the proper size. 

Industrial spark-cutting units have several ad- 
vantages over the simple arrangements described 
above. The electrode may be automatically fed 
into the workpiece by an apparatus which regu- 
lates the rate of feed dependent on the voltage 
between the electrode and part being cut. The 
only labor required for such a machining process 
is that needed to make the initial setup. 

Many simple or complex cuts may be made, 
depending on the shape of the electrode and the 
manner in which the electrode is applied, With 
apparatus similar in principle to that shown in 
Fig. 3, holes may be made which are round, rec- 
tangular, hexagonal, elliptical, star-shaped or any 
other odd shape, if the electrode can be formed 
initially in the desired shape. Furthermore, if the 
electrode is shaped on the inside, an exterior in- 
stead of interior form may be imparted to the 
piece; for example, small gears could be formed 
in one cut, More than one shape may be formed 
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at different levels of a hole if the electrode is 
smaller at the entrance end. A cut does not have 
to go all the way through the workpiece so cavi- 
ties in dies may be formed. It is possible to mod- 
ify the equipment and cut threads or bore a hole 
which has a larger diameter contour in the mid- 
dle than at either end. With apparatus similar to 
that illustrated in Fig. 2, the workpiece may be 
sliced or grooved. The groove could be formed 
with a special contour if the edge of the rotating 
disk is prepared properly. 

An important industrial problem relevant to 
the cost of operation is the speed of machining. 
This can be much more rapid than that used in 
the simple laboratory apparatus; however, it is 
limited by the quality desired for the cut surface, 
the rate of dielectric flow and the rate at which 
particles resulting from the operation collect in 
the machining gap. According to Williams and 
Porterfield, the maximum rate of material re- 
moval in industrial small machining operations 
at present is about 0.1 cu.in. per min. This is 
too slow to compete with conventional machin- 
ing methods employed for soft material; how- 
ever, it is quite feasible for machining hard 
materials. Faster rates for spark cutting are con- 
ceivable if larger power units are employed and 
if machining takes place over larger surfaces. 

Thus it would seem that spark cutting will 
have an increasingly important role to play in the 
industrial scene as its potentialities become more 
widely known and the process is improved. @ 


Fig. 3— Sketch of Apparatus for 
Cutting Disks From Sheet Materials 
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The Reduction of Ore to Metal 


Four methods have been widely used in the past, but each 
has its limitations. One very ancient method reappears, 


By L. M. PIDGEON* 


wherein one reactive metal displaces a less active one from a chemical compound. 
Magnesium and calcium are most effective as such reducing agents, 


_ have been produced from their 
ores by many methods, but each has its theoreti- 
cal and practical limitations. One method, very 
ancient, wherein one metal displaces a less active 
one from an appropriate compound, reappears as 
the most useful for producing the “new” metals 
used in atomic reactors, aircraft and missiles. 

Ancient metallurgists gave us most of the 
metals of everyday use. With the exception of 
chromium, manganese, vanadium, and of course 
aluminum, no metals are now in common use 
which were not known for many, many years. 
The present century has seen the advent of a 
new metallurgy, the metallurgy of the “reactive” 
metals. These metals are so called because they 
readily form very stable compounds from which 
they are reduced or recovered with great diffi- 
culty. In the past, many of their ores were 
called “nonmetallic minerals” simply because 
they were unreducible by known methods. 

The reactive new metals show no other similar- 
ities. Some are hard, some (like titanium) pos- 
sess high melting points, others (like lithium) 
are soft and melt at very low temperatures. 
Densities show the widest range — from 0.5 for 
lithium to 19 for uranium. 

Two major activities of our times have pro- 
duced a new demand for these reactive metals. 
First, the airplane, and in fact anything which 
flies through the air, including guided projectiles, 
demand lightness, and all the light metals meet 
this requirement. Second, nuclear energy has 


AUGUST 1956 


and this article — the first of three — will discuss their utility. (C general) 


imposed an entirely new list of demands upon 
the metallurgist, both for fissile materials and 
for structural materials for the nuclear reactor. 
Prominent among the metals meeting these spe- 
cial requirements are uranium, plutonium, thor- 
ium, zirconium and beryllium. 

It is interesting to note that magnesium and 
calcium have been used widely as reagents for 
the reduction of the above metals from their 
chemical compounds -- in fact magnesium and 
calcium are almost the only reagents so used in 
a commercial way. Aluminum, silicon and 
sodium have been used in certain isolated cases. 
However, most of the reactions involved have 
been known for a century or more, but only 
recently has the demand for special metals justi- 
fied the development of techniques and devices 
to produce them in quantity and in a satisfactory 
chemical and physical state. 

It therefore seems opportune to review the 
entire situation, and this will be done in three 
short articles, the first of which will discuss 
in simple terms the general problem of the 
reduction of compounds to metal. The second 
will describe the scientific principles underlying 
one of the four possible methods — namely the 
production of metals by reactive metal-reducing 
agents —and the third will give some practical 
applications of these theoretical principles in the 
production of “new” metals in quantity. 

*Professor of Metallurgical Engineering, Univer- 
sity of Toronto. 
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Close-up of Cell or Pot for Electrolytic Pro- 
duction of Aluminum. Direct current is led 
through inclined busbars to hangers carry- 
ing carbon electrodes (almost completely 
hidden below snowy alumina level with the 


Available Methods — The recovery of a metal 
from its ore generally involves three steps: 

I, Separation of the metal-containing mineral 
from surrounding rock or gangue. This is prefer- 
ably a physical process and includes operations 
such as crushing, sorting, screening, flotation, 
magnetic methods, jigging, all of which rely on 
differences in physical behavior between the ore 
particle and the surrounding gangue. 

II. Preliminary chemical treatment, which pro- 
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top). Alumina dissolves in molten crypolite, 
the electrolyte, and dissociates when current 
passes from electrodes to carbon lining of 
pot. Aluminum collects on the bottom; oxy- 
gen combines with the hot carbon electrode 


duces a compound suitable for reduction to the 
metal. A common example would be the roasting 
of a sulphide ore. For the reactive metals this 
step is generally carried as far as possible to 
produce a pure compound of the metal free from 
other components which would react and con- 
taminate the desired product during subsequent 
processes. 

III. Reduction to metal. The reduced metal 
must be separable from other products of the 
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Table I — Free Energy of Formation of Oxides 


(per Oxygen Atom) 
(J. P. Coughlin, U.S. Bureau of Mines Bulletin No. 542) 


ways done because of its inherent cheap- 
ness. However, few ores of the reactive 
metals are amenable to such treatments 


Ar 227°C. | Ar 727°C. | Ar 1227°C. | Ar 1727° C. involving physical separations; much more 
‘Ag +0.06 | Cu 93 31 Cd Na methods 
Hg -88 | Pb -28.7/Cu -15.2|Cu -107 ied. As we have said, the actual rec uction 
Cu -31.5 | Ni  -—35.0| Pb 18.7| Ni —13.0 step is usually so difficult that purification 
CO)—37.1 | Cd -37.7 |Ni -24.2/Zn —-15.0 is carried as far as possible prior to reduc- 
Ph -—404 |Co -388'Co -29.5|)Co -199 tion, and the reduction step itself is so 
Ni -46.1 | Fe -47.8|Na -38.6/ Fe —338 arranged that the reduced metal is so little 
contaminated that subsequent refining is 
Cd —504 | Zn —~61.4| Fe Mn 55.1 

Fe -555 |Na —583/U 59.6 unnecessary. High-purity reducing agents 
Zn -71.3 |Cr -69.7 | 595 605 are of course essential; fortunately magne- 
Cr -81.6 |Mn —74.5|Mn —65.6 | Si 61.9 sium and calcium are obtainable in this 
Na —83.0 | —-79.0 | Vv ~69.5 | C 68.5 condition, 

Mn —83.1 | Si -834|Si —73.1 | Ti 70.1 In this article “production” of metals will 
Vv -~89.0 |Ti -91.1| Ti -80.5|Mg —76.1 refer to the separation of the metal from an 
| Al | | Al “620 appropriate compound, The previous and 

Ut -119.1 | Li —110.2)1 -98.8|Ca 
Al —120.7 | Ba —110.5| Ba —99.0| Be 96.6 compound are outside the immediate scope 
Ba —121.5 | Mg —117.7| Mg —101.3 of this paper. 

Li —127.7 | Be —119.6 | Be —108.3 Common methods of metal production 
Me Co Ce fall into four groups, which will now be 
Ca —138.2 named and briefly discussed. 

1. Thermal decomposition is theoretical- 

*Quartz Rutile {The dioxide, UO; ly possible for all metals, but is most prac- 


ticable for the “noble” metals whose oxides 


reaction, and it may be subjected to subsequent 
purification processes usually called “refining”. 
The latter is, however, rather uncommon for the 
reactive metals, since intensive refining opera- 
tions are applied during the preliminary chem- 
ical treatment (step II). 

Perhaps a few side remarks or definitions are 
appropriate at this point. The word “ore” has 
been used above. Webster defines ore as “any 
material containing valuable metallic constit- 
uents for the sake of which it is mined and 
worked”. The definition fittingly includes the 
idea of profit — for example, an ore which is now 
profitably mined for copper would be waste rock 
prior to 1900; we have meanwhile developed 
crushing and concentrating methods whereby 
sufficient of the gangue is rejected so we can 
smelt the concentrate and still come out on the 
right side of the ledger. 

Whenever ores may be beneficiated, it is al- 


*It is a well-known scientific 


exhibit positive free energies of formation* 
under standard conditions at low temperatures, 
Gold, silver, platinum and mercury are examples, 
and their presence as native metals in the earth’s 
crust is a consequence. Thermal decomposition 
has been used in the metallurgy of the more 
reactive metals in special instances where vola- 
tile salts may be decomposed on a hot surface — 
such as the deposition of titanium from gaseous 
titanium iodide. The carbonyl process for nickel 
also involves thermal decomposition of gaseous 
Ni(CO),. 

2. Reduction of Oxide with Carbon, Carbon 
Monoxide or Hydrogen—Fortunately, many 
oxides may be readily reduced to useful metal 
by carbon and its lower oxide, carbon monoxide. 
Excluding the noble metals, the metals known 
since ancient times have all been produced in 
this manner — in fact, carbon will reduce all ox- 
ides, as was shown by Borchers in the 19th cen- 


now listed in various 


values are 


principle that the most stable state 
of any system is that having the 
lowest energy. Since heat is a 
form of energy, any change which 
results in the liberation cf heat 


will result in a more stable state. 
The few oxides of the noble metals 
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all decompose with liberation of 
heat; hence, under standard con- 
ditions, the metals themselves be- 
come the stable phase. The usual 
values for free energy of forma- 
tion are expressed in terms of kilo- 
gram-calories per mole of the com- 


pound at 25° C. The most accurate 


the U. S. National 


circulars of 
Bureau of Standards, (See also the 
new edition of Kubaschewski and 


Evans.) Table I shows values of 
the standard free energy of forma- 
tion of various oxides, and is taken 
from Coughlin. 
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tury. This is the reason why no “nonmetal- 
lic” minerals exist. Nevertheless, the classi- 
cal reaction 
MO+C=CO+M 

is incapable of producing M, the metal, in 
a pure state when the free energy of forma- 
tion of MO becomes high. For example, 
Table I shows that the free energy of for- 
mation at 727° C, (1340° F.) of copper oxide 
is —23.3, of lead oxide is —28.7 and of 
carbon monoxide is —47.9 kg-cal., so there 
is no difficulty in reducing these minerals 
with carbon at that temperature. Further- 
more, iron oxide can be reduced completely 
by carbon at 1227° C. (2240° F.) because 
the respective free energies of formation of 
iron oxide and carbon monoxide are —40.0 
and —58.3 kg-cal. at that temperature. 


However, reduction of uranium (—98.8 kg-cal.), 
silicon (—73.1 kg-cal.) manganese (—65.6 kg-cal.) 
or chromium (—59.5 kg-cal.) by carbon (CO, 
~58.3 kg-cal.) could not be expected at 1227° C. 


The application of the results of Table 
the reduction of ZnO by car- 
bon is as follows: 


Table Ill — Electromotive Force* 


Table Il — Some Thermochemical Data for a 
Few Important Metals and Carbides 


ELEMENT AF Oxwe) AF (Carsiwe) M. P. 
Cc — 68.5 — 
Si —61.9 26.1 (SiC) 
Mn —55.1 
Cr —49.1 — 16.5 (CrC) 
Ti —70.1 —53 (TiC) 3130 
Vv — 60.5 2770 (VC) 
Zr —45 (ZrC) 3440 
U — 59.6 —42 (UC,) 2430 
CaC, CaO — 1970 


AF (oxide) is free energy of formation of the oxides at 


1727° C. (3140° F.) 


AF (carbide) is free energy of formation of the respective 


carbides at 25° C. 


M.P. is melting point of the carbide, ° C. 


ides of even more reactive metals. Unfortunate- 
ly, a new stable compound is likely to appear at 
the high temperatures — namely the carbide of 
the metal. These carbides have very high melt- 


I to ing points, as shown in Table II. 


Merat! VALENcE| Porenrtial 


ELECTRODE 


| 


2.922 volts 
— 2.87 
—2.712 

2.34 

—1.70 
—1.67 
1,05 

| —0.762 
~0.71 

| —0.52 
—0.440 
—0.402 
~—0.340 
~0.336 
—0.277 
—0.250 
—0.136 

0.126 
0.000 
0.345 
0.522 
0.799 


TEMPER- AF.’ ror 

ATURE ZNO CO 

227° C, -71.3 —37.1 

727° 61.4 ~47.9 
1227° C. 38.9 58.3 Ca 
1727° C, ~15.0 —68.5 

Na 

Obviously zine oxide could not Meg | 
be reduced by carbon mon- Be 
oxide until about 900°C. is of 
reached. This is about the boil- Zn 
ing point of this metal, and Cr 
zine, by the way, is the most Ga 
“reactive” metal which may be rd 
produced by carbon reduction In 
entirely in a fuel-fired furnace. Tl 
It is, in fact, a fairly “recent” Co 
metal — having been first pro- Ni 
duced as metal in early modern ~4 
times. (It had long before been H, 
reduced simultaneously with Cu 
copper to form a brass. ) Cu 

As above remarked, SiO», 2Hg 
MnO, and Cr,Oy are not readily 
reducible by carbon in fuel- He 
fired furnaces, and they were Pt 
not produced effectively before Au 
the development of the electric Au 
furnace, At the higher temper- stem 


atures there available, carbon 
will reduce these and the ox- 
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“The Corrosion Hand- 


book"’, Edited by Herbert H. Uh- 
lig, John Wiley & Sons, Inc., NY. 


Many metals (silicon, titani- 
um, zirconium, thorium, alumi- 
num, manganese, uranium) form 
various amounts of carbides 
during the reduction of their 
oxides by carbon. If a solvent 
metal is present, however, the 
metal which is wanted may be 
obtained as a solute; such a 
procedure forms the basis of 
the ferro-alloy industry. Ferro- 
silicon, ferrochromium and 
high-manganese ferromanga- 
nese are obtained by reaction 
of the appropriate oxide with 
carbon in the presence of iron 
in the electric arc furnace. 
Even in these systems, a car- 
bon-free alloy is not always 
produced; for example, low- 
carbon ferrochromium requires 
special procedures. 

Since the potentialities of 
carbon as a reducing agent 
have long been exploited to the 
full by very ingenious smelter- 
men, it seems unlikely that 
pure metals of the reactive 
modern group will be pro- 
duced in this manner, although 
carbon reduction may consti- 
tute a preliminary reducing 
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0.800 
0.83 
0.854 
1.2 
1.42 
| 1.68 


step, followed by refining. An interesting possi- 
bility is the production of ferro-aluminum from 
clay, followed by extraction of aluminum from 
the ferro-alloy, as proposed by P. Gross on p. 206 
of his book “The Physical Chemistry of Process 
Metallurgy”: 

2 FeAlSi + AICI, (gas) = 3 AICI(gas) + 2 FeSi 

3 AlCl gas) = 2 Al + AICI, (gas) 

3. Electrolysis is a modern method of produc- 
ing metals, the endowment of Michael Fara- 
day. While virtually all metals can be electro- 
deposited, the facility varies greatly. Sometimes 
the metal results from a secondary electrode 
reaction, whereupon the advantage of the com- 
bined process may often be questioned. 

Electrolysis requires an ionized solution and 
usually operates under most favorable conditions 
when the solution is aqueous. Ionized aqueous 
solutions of the wanted metal are often produc- 
ible by simple acid leaching, and required purity 
is readily obtainable in the deposit by precipita- 
tion of unwanted ions prior to electrolysis. By 
trial and error method, the trick of producing 
dense, coherent metal deposits has been mas- 
tered, sometimes by additions of gelatin, “gou- 
lac”, or other compounds to the electrolyte. 

Metals below manganese in the series shown 
in Table III may be deposited from aqueous solu- 
tions. Above manganese, the hydrogen overvolt- 
age phenomenon is insufficient to prevent the 
decomposition of water, and nonaqueous elec- 
trolytes must be used. Many molten salts are 
satisfactory, although they are invariably more 
difficult to produce than their aqueous coun- 
terparts, and the electrolytic operation loses 
its operational simplicity. As the wanted metal 
nears the head of the electromotive series, the 
number of “noble” impurities increases, and 
electrolysis becomes less able to produce a pure 
metal. Occasionally, salts with attractive phys- 
ical properties are not ionized in the molten 
state, and a carrier ion must then be introduced. 

Perhaps the most serious objection to electrol- 
ysis with molten salt baths appears when the 
wanted metal has a high melting point. (For 
example, the melting point of titanium is above 
the boiling point of most of the. electrolytes 
which can be considered!) A solid-state deposit 
is then inevitable; it seems that a coherent de- 
posit from a nonaqueous electrolyte cannot be 
produced, Thus the “trees” of electrolytic zir- 
conium and flakes of electrolytic beryllium are 
unfavorable physical forms for subsequent use 
of such reactive metals. “Tree growth” seems 
inherent to solid-state electrodeposition; it is 


AUGUST 1956 


suppressed by gelatin and the like in aqueous 
solutions, but no “goulac” suitable for molten 
salts is available. 

For these and other reasons, electrolysis has 
yet to prove itself an effective method of produc- 
ing the metals of Group IV, the rare earth group, 
beryllium, uranium, and others. 

4. Displacement with another metal goes back 
to the early history of metallurgy. The cementa- 
tion of copper by iron was employed at the Rio 
Tinto mine in Spain in Roman times.* The reduc- 
tion of lead oxide by iron in the lead blast fur- 
nace is a more recent pyrometallurgical example. 

The use of powerful reducing agents in oxide 
systems is, however, a modern development and 
stems from Goldschmidt’s invention of the “ther- 
mit” reaction: 

Fe,0,+2 Al=Al,O,+2 Fe 

Similar reactions in halide systems were em- 
ployed by Bussy in 1830 to produce magnesium, 
and by St. Claire Deville in 1855 to produce 
aluminum: 

AIC], *3 NaCl+3Na=Al+6 NaCl 

These displacement reactions in oxide and ha- 
lide systems are now being used in increasing 
extent to make small quantities of the lesser- 
known metals. In the metallurgy of titanium, at 
least, the same reactions have reached commer- 
cial proportions, and many thousands of tons of 
magnesium have been consumed in this manner.| 

It is hoped that this simplified statement of 
metallurgical principles will not appear too ele- 
mentary, but rather that it will be a “refresher” 
to those many readers of Metal Progress whose 
daily work is a long way from the primary work 
on the metals they handle, At least it has been 
thought desirable to make this presentation so 
that the advantages — as well as the limitations 
— of magnesium and calcium as reducing agents 
can be put into proper perspective. 

The second article in this series will present 
some of the limitations which chemical and ther- 
modynamical laws have thrown about this new 
phase of the metallurgical art. (+) 

*At the present day, mine waters or tailing 
ae seepage in copper districts are run through 
aunders containing scrap iron, the iron goes into 
solution; an equivalent amount of copper deposits 
as a sludge. 

tin addition to the four groups discussed in this 
article, large tonnages of copper are produced by 
a double decomposition reaction which is generally 
stated to be 

Cu,$+2 Cu,O=6 Cu+SO, 
This reaction is available for lead and other non- 


reactive metals, but is used commercially only for 
producing copper. 
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1955 Recipient 
Albert Sauveur Achievement Award 


William Justin Kroll 


ip 
A 


Biographical Appreciation 


| to William J. Kroll, best 
known for his work on titanium and unusual 
metals, of the Albert Sauveur Achievement Award 
for 1955, emphasizes the fact that there is only 
one world of metallurgy today. Most of the pre- 
vious medalists have been renowned for their 
contributions to the knowledge of iron and steel; 
seldom has the committee departed to pick a 
nonferrous metallurgist. However, in his thou- 
sands of metallurgical experiments, his 150 pa- 
pers and patents in Germany, France, England 
and the United States and his international back- 
ground, Kroll is a living example of the fact that 
science knows no boundaries. 

Geneology might prove that Kroll was predes- 
tined for this award because his father was a 
blast furnace plant manager and one of his grand- 
fathers operated an iron ore mine. He grew up 
and was educated in the old storybook city of 
Luxembourg and then spent the years from 1910 
to 1917 at the Technische Hochschule in Charlot- 
tenburg, Germany, where he seriously studied 
iron metallurgy under one of the masters, W. 
Mathesius. However, his thesis had to do with 
the preparation of elemental boron, and this led 
him away from iron and steel forever into the 
land of the little-known metals, titanium, zirconi- 
um, beryllium, uranium, that have become both 
fashionable and useful in the last decade. 

The large German firm, Metallgesellschaft, was 
Kroll’s first employer at a lead refinery in the hills 
near Frankfurt-am-Maine, During his two years 
at this place he hit upon a calcium-lead alloy that 
proved to be an excellent agent for removing 
bismuth from lead, With certain improvements 
added by Betterton of the American Smelting 
and Refining Co., this eventually emerged as the 
Kroll-Betterton process, now widely used for de- 
bismuthizing lead. 

In 1919 young Kroll went to Vienna and set 
up a plant for recovering the gold, silver and tin 
from residues left after the copper had been re- 
covered from scrap — principally church bells. 
Two years spent in building a metallurgical plant 
— including a reverberatory furnace, converters, 
shaft furnaces, bag houses and electrolytic cells 
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By EARL T. HAYES 


— prepared him for a lifetime of developmental 
work on the whole field of nonferrous metallurgy. 
It also left him with many pleasant memories, 
because his dark eyes take on a certain fire as he 
reminisces of the wine, women and the good 
food of old Vienna. 

In 1922 he joined a small foundry near Baden- 
Baden, Germany, and helped develop an alumi- 
num piston alloy of low expansion, as well as a 
magnesium-base alloy containing up to 6% misch 
The firm of I. G. Farben resurrected the 
last-mentioned from the files and put it to prac- 


metal. 


tical application during World War II 

After these 13 years in the hinterlands, Kroll 
went back to Luxembourg and founded the lab- 
oratory, Bel'air, where he spent the next 17 years, 
With the help of a mechanic, a laborer, and a 
secretary, he reduced to patents or writings hun- 
dreds of ideas which were destined to have their 
effect in all metallurgy. Among these were vacu- 


um dezincing of Parke’s process residues, age 


hardening of aluminum-silver alloys, aging of 
lithium-aluminum-zine alloys, age hardenable 
magnesium-germanium-aluminum alloys, the dis- 
covery that germanium crystals could replace 
silicon for radio detectors (this was the forerun- 
ner of the present transistor), reduction of an- 
hydrous beryllium fluoride with magnesium (now 
the primary production process for beryllium ). 

This beryllium discovery led to a working 
agreement with Siemens and Halske for work in 
the broad field of “rare metals”. When Heraeus 
Vacuumschmelze was taken over by Siemens and 
Halske this association ushered in a long list of 
accomplishments in vacuum metallurgy. Kroll 
was one of the first to make high-purity calcium, 
and he used this as a reducing agent to produce 
titanium, zirconium, uranium and thorium in the 
form of powder or sponge. This knowledge of 
vacuum purification was extended later to include 
silicon, copper, iron, chromium, beryllium and 
alloys of copper, tin and lead, 

The titanium process which bears Kroll’s name 
is his best-known contribution but only one of 
his outstanding technical developments. It had 
the good fortune to arrive in a world of science 
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and expanding metallurgy at a most opportune 
time. He first worked on titanium as far back as 
1930 and produced about a pound of it by so- 
dium reduction of titanium tetrachloride. In 1932 
this was shown in rolled sheet form to a number 
of large companies in the United States but busi- 
ness was so quiet in those days that the only 
sounds heard were those of the dividends pass- 
ing in Wall Street. No interest could be aroused. 
Five years later, nothing daunted, Kroll devised 
a “pressureless” method for reducing titanium 
tetrachloride with calcium and later magnesium. 
(In 1938 experimental runs on zirconium were 
made.) In that same year he visited the United 
States with hopes of interesting industrialists in 
his titanium process. There is a story that the 
patent could have been bought for such a small 
sum that, if true, it might lead to mass suicide of 
several promoters! At any rate the process re- 
mained dormant until the middle 1940's, when 
the U.S. Bureau of Mines produced titanium on 
a larger scale, and more fully publicized the in- 
teresting properties and possibilities of the metal. 
It is now a quarter of a billion dollar industry 
and still growing, 

Kroll left Luxembourg early in 1940 just ahead 
of the Nazi invasion, and spent the war years 
with Union Carbide Research Laboratories in 
Niagara Falls as a consultant. One investigation 
of those years concerned the production of vari- 
ous metal powders by fused salt electrolysis and 
this method appears to have great promise at 
the present time for reclaiming zirconium and 
titanium serap. 

In 1944 Kroll found a receptive listener for his 
ideas about zirconium in R. §. Dean, then chief 
of the metallurgical division of the Bureau of 
Mines, and a year later he started the zirconium 
investigations of the Bureau at Albany, Ore. Four 
years later, when the Atomic Energy Commission 
in 1948 wanted to explore the possibilities of zir- 
conium as a construction material for nuclear 
reactors, the basic production process had been 
worked out and needed only to be expanded and 
refined to furnish the quantities of metal needed. 

There is some disciplined quality about genius 
or inventors of this type which never ceases to 
amaze the ordinary mortal. There come memo- 
ries of Kroll talking to a geologist who was mak- 
ing some thermal analyses of obscure clays and 
pointing out to him, who thought he might be on 
the verge of some great discovery, that he ( Kroll) 
could name the article, the authors and the mag- 
azine in which a similar investigation had been 
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described at least 20 years previously. There are 
other memories, too, of “Did you ever think of 
doing it this way?” or, “It might work, but read 
so and so”, or, “It might work, why don’t you 
try it?” and all the while he knew that it had 
been tried 10 to 40 years ago and yet was using 
the touch of an old master to tutor his pupils. 

What of Kroll’s family? He married science at 
an early age and has remained a true monogamist 
all his life; no other love has interfered. For over 
40 years he followed a back-breaking schedule 
where 40 hours marked only the first half of the 
week. Between times there were periods of re- 
laxation and these have become a little more fre- 
quent in the last few years. He has a sister and 
two brothers, one in San Diego and the second 
in Belgium who is an eminent metallurgist in his 
own right. 

Dr. Wm. J. Kroll is now a U.S. citizen and lives 
in the college town of Corvallis, Ore., in the Wil- 
lamette Valley which he describes as having the 
world’s best climate. He shows, and enjoys per- 
petually, the scenic beauties of the rugged Ore- 
gon coast and the mountains, and tells his friends 
about them with all the spirit of a local Chamber 
of Commerce director. Like some well-known 
statesmen of our time, he has true ability as a 
painter and it is not unusual to find him some- 
where in the country painting landscapes. 

“Seven cities warred for Homer dead, 

Cities through which living Homer begged his 

bread” 

are lines which do not apply to Dr. Kroll because 
his contributions and abilities have been widely 
recognized in recent years. The Franklin Insti- 
tute awarded him the Francis J. Clamer award; 
the A.I.M.E. the James Douglas medal; Deutsche 
Gesselschaft fir Metallkunde the Heyn award; 
A.S.M. the Albert Sauveur Achievement Award; 
the University of Grenoble an honorary degree. 

In a day when industrial research teams are 
scouring the country for information to develop 
into commercial practice, and when the output 
of original ideas (otherwise known as fundamen- 
tal research) is sinking in proportion, Dr. Kroll 
stands out as one of the great original metallur- 
gists of our time. Certainly no one could have 
assigned him a finer contribution to metallurgical 
knowledge than the discovery of ductile titanium 
—yet this man, working with a minimum of 
equipment, functioning almost as a one-man re- 
search team and driven by the love of his work, 
has provided us with working ideas for a whole 
generation of metallurgists. =) 
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“Plates Will Be the Death of Me” 


By D. CARB* 


Ln in Rupy’s putting on the feed bag 
which involves a very crazy dish of pizza with 
grated cheese on the top and some cold meat 
balls on the side when I spy an old friend and 
business acquaintance coming through the door. 
This person is none other than Slivers Mac- 
Cluskey whom I don’t see for some time and 
which I don't particularly wish to see now as we 
recently ship him some forgings which were not 
quite up to par. In fact Slivers very plainly says 
at the time they are a long way from par in a 
manner which indicated he is highly displeased. 

As Slivers is not a character to be displeased 
and noting that he comes through the door with- 
out first bothering to try the latch which for- 
tunately wasn't latched, I figure if possible | 
should remain unnoticed. 

I'm trying to hide behind Rudy's menu which 
is not exactly made for such things when Slivers 
stops at my table and says how am I and what 
brings me here and such talk in a loud and 


*With apologies to Damon Runyon. 
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ungentlemanly manner, I make every pretense 
of being pleasantly surprised and welcome him 
in a very cordial manner and ask if he won't 
tarry a while which he promptly does much to 
my alarm. 


Metallurgy... 
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Slivers is known far and wide but particularly 
is he known in our valley as an exceedingly tough 
character, especially in his business which is the 
fabrication of steel plates and parts into various 
and sundry things they peddle here and abroad 
as the finest’ such contraptions made anywhere. 
I remember one case down in Mexico some 
years back of some equipment made by his out- 
fit which springs a leak at the wrong time. The 
leak enlarges quickly so as to make a very nice 
explosion and this causes the demise of numerous 
hombres who happen to be siestaing nearby, The 
incident causes Slivers to become so despondent 
that everyone fears for his health. He broods 
over this for some time but finally recovers, 
which goes to show he certainly takes his racket 
seriously and is quite conscientious and all that. 

The only thing that keeps Slivers from com- 
pletely going off the beam is the redeeming fact 
that this explosion is by far the biggest bang 
ever heard in Mexico and Slivers takes consider- 
able consolation from this feature. Many times 
he recalls with pride that only his stuff is capable 
of such a bang, a unique type of advertising and 
one that can be substantiated as Slivers collects 
the obituary columns of the local blatters which 
tell in exact detail just how big this bang is. 

Although I'm not anxious to continue our dis- 
cussion as Slivers any minute may recall our 
last forgings delivery, the only thing to do is 
order him a slug which he immediate ly tells 
Rudy to double and bring a few brews to serve 
as chasers. 

Slivers is an odd name and he comes by this 
handle because early in his career he becomes 
most adept at spotting defects on steel plates, 
universal or otherwise, which his company also 
chews up in great quantity. So adept is Slivers 
in fact that some of the producers whose ma- 
terial he is always rejecting try to get him on 
their payrolls as the *y figure they would be much 
lettuce ahead by just paying him to sit next to a 
coke-jack somewhere in one of their mills and 
not lift a finger, Slivers however is wrapped up 
in his profession as he would rather reject plates 
than do almost anything except maybe sit in 
Rudy's and commune with the spirits. So he 
turns down all the platemakers’ offers which is 
really remarkable as Social Security isn’t in yet. 

I notice Slivers is more than usually all-out 
in stowing away the snorts Rudy is making to 
my account, and although I have finished off the 
last trace of pizza I have no alternative but to 
remain seated and listen to Rudy tolling the 
marks on his register and at the same time re- 
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main pleasantly sociable to Slivers, a disagree- 
able situation indeed. 

Slivers is very plainly on the muscle at some- 
body or something and in the interest of bring- 
ing things to a head and thereby hastening my 
making a proper exit I say, “My friend, you seem 
vexed.” “Vexed,” he yells and slams a stein down 
on the table top, simultaneously yelling he is just 
plain mad. He doesn’t have to add stark raving 
as this I can see. From experience | learn that 
to a guy like Slivers my next question should 
not be an inquiry as to what brings on his beef 
— in fact I learn long ago I should not even utter 
a next question as Slivers will take the whole 
thing from here. 

With a visible effort to control himself Slivers 
says that plates will be the death of him yet. 
I remark that this strikes me as peculiar as after 
all a plate is rather a simple affair. Slivers says 
hell yes but so are all the people connected with 
them. 

He brushes a few shot glasses onto the floor 
and starting with gestures ee what makes 
a plate pull a certain strength. I quickly say 
“chemistry” and he clouts my shoulder out of 
place and in a wide toothy grin pronounces 
me a smart fellow. 


Slivers pulls out a bob, lays it on the table, 
and shouts to Rudy to serve suds all around. 
Now that I start to think about his question it 
occurs that things other than chemistry can affect 
the strength of a plate but I had damn well not 
bring them up at the moment. 

Slivers hitches his chair closer to mine and 
in confidential tones that shake the joint he whis- 
pers that if chemistry is what gives a plate 
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strength there has to be a good connection be- 
tween them. “Okay,” Slivers says, these master 
minds who make plates will take an order to 
furnish the things at certain strengths or they 
will furnish to maximum chemistries, but the 
rumpots won't even listen to figuring chemistry 
and strength in the same plate and won't that 
scald my barnacles? 

Now I frown on after-hours’ discussion of 
business matters, particularly matters not mine, 
and more so still do I frown on loud talk in pub- 
lic with such characters as Slivers. So much do I 
_ dislike this situation that I'm wondering if I can 
make the door fast enough to escape a pursuing 
chair when our table is suddenly in the shadows. 
What causes the shadow I quickly see is a moun- 
tainous frame topped with a square bald head, 
king's size, and belonging to none other than a 
local person known as the Skull. Now the Skull 
is the roughest toughest melter foreman ever to 
knock out a heat in anybody's openhearth, and 
what's more, he is reputed to be a man who 
knows why he taps although from his name you 
might be led to believe otherwise. Nobody how- 
ever with sound wiring would ever say so to the 
Skull unless his accident policy spec ifically cov- 
ers total disability with special paid-up benefits. 

Slivers maybe don’t notice the new arrival and 
alludes that he thinks the real reason these out- 
laws who hijack him for plates have such a cock- 
eyed policy is because the plumbers who melt 
the stuff never know what they just made in the 
openhearths until the direct-reading spectometers 
spit out the printed analysis. At the last remark, 
the Skull swallows the lump that was in his right 
cheek and eases into the protesting chair next to 
me and Rudy frantically grabs the phone. I in- 
voluntarily stand up but find I can’t move my 
feet, and being suddenly weak I slump back in 
the chair just as the Skull says to Slivers, “Con- 
tinue, chum,” in a voice that reminds me of a 
hacksaw working on a piece of gray iron. 

Slivers calmly empties the stein without even 
looking up and then glaring at the Skull says he 
intends to. The other customers are all over he Ip- 
ing Rudy look up the number of the riot squad 
and I meekly ask do they think the Pirates have 
a chance this year. They sit there just like a chess 
game for what seems a long time and the Skull 
finally asks Slivers how he would specify that 
they make his stuff. Slivers shoots back, “To a 
standard chemistry spread for a certain strength 
level, extrapolating you dope.” The Skull an- 
swers that they make plates to such specs so 
what is Slivers talking about. Slivers retorts that 
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yeh they make them but he has to pay all kinds 
of fancy extras and adds that he is talking plain 
structural plates. The Skull bends over toward 
Slivers and patronizingly says that’s exactly what 
he is getting. Also if Slivers wants chemistry re- 
strictions and physicals in the same piece, say 
so on the order and they will give him a fully 
killed, hot-topped product, fine or coarse-grained, 
that double converted will satisfy him or anyone. 

Slivers retorts that even if by chance they 
make a good ingot that way so what — the same 
guys roll them so he still gets all the defects he 
gets today. The Skull says a few scratches won't 


hurt anybody. “Scratches, hell!” shouts Slivers. 


The next few minutes they engage in a violent 
discussion of what is a lamination and finally 
Slivers rejects the whole subject as he holds that 
whatever the defects are he doesn’t want them 
and can’t be expected to use such material. The 
Skull whose voice is becoming higher in direct 
ratio to the length of the conversation tells the 
world and Slivers that if he wants such a high 
quality product he should be willing to pay for 
it and that they can’t be going through fancy 
deoxidation and teeming practice not to mention 
extra discard and inspection because some cus- 
tomer has a burr in his speech. 

Further the Skull yells that Slivers welds the 
plates and bends the hell out of them, which 
again demands better than Structural Grade, 
and that he thinks Slivers had better liquidate 
before his customers catch up and make him 
insolvent. 

With that insinuation Slivers loses the last 
vestige of control and stands up so as to do a 
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better job of pulverizing when much to Rudy's 
relief and mine, Murphy and Shultz of the riot 
squad saunter in and quietly bash their night 
sticks on the bar to indicate their presence. The 
Skull, who is a pinch thinker, loudly invites 
Slivers to sit down and join us which he does 
without hesitation and we are as we were with 
the exception of Rudy who is now trying to find 
one of the bottles he so quickly ducked in a safe 
place a few minutes before. 

The Skull politely inquires of Slivers what he 
wishes to drink, and if he has encountered any 
occasional light laminations lately in their prod- 
uct, Slivers discreetly mumbles that it's only 
occasionally they don't encounter laminations 
and they are never light. 

The Skull is paying Rudy who has ventured 
out from behind the bar. Slivers opines that from 
the homogeneity tests they have been taking he 
can't tell whether the Purchasing Department 
is buying steel or plywood, The Skull counters 
that if Slivers would take the trouble to come up 
to date he could make his old equipment with 
thinner plates and then the Skull could pour 
smaller ingots which would help this condition 
even in semikilled grades, Slivers, trying to con- 
trol himself, remarks that there is too much dif- 
ference in transverse and longitudinal properties 
to lighten the gage and if the thieves who make 
the plates would scrap the mills the Indians put 
in and cross roll the slabs maybe he could get 
by with thinner stuff. 

Murphy and Shultz who are remaining out- 
wardly indifferent but obviously following the 
situation closely seem to prefer to let matters 
take their course until they have ample reason 
to enforce their authority. From the gestures 
Rudy is making he is not in exact agreement and 


is pressing the officers for removal of the bodies 
before an explosion makes this feature unnec- 
essary and of doubtful value. I am alternately 
between dish-rag and violin-string consistency 
and feverishly wish I'd never succumbed to the 
lure of hot pizza in the first plaee. 

But to get back'to the reasons for my discom- 
fort, they are in somewhat controlled firm tones 
telling each other what they think of the manner 
in which plates are tested and Slivers most of all 
is denouncing the secrecy of the mill's tests and 
doubts if they ever take any. The Skull says he 
can't see what difference it makes with Slivers 
hell-for-strong-design and that test reports would 
only confuse him as the mill would have to send 
out one of their metallurgists to explain yield 
point, Murphy and Shultz clear for action at this 
remark, but Slivers who is watching in the mirror 
savagely bites off the end of a stogie instead of 
saying anything out loud. 

My constitution has reached its endurance 
limit and only my basic trait of survival propels 
me to my feet which brings my eyes to where 
I can just see over Slivers’ head and the door 
through which I so yearn to pass. 

As I stand there hesitating my course of action, 
through the door comes a very frail Judy of about 
forty-odd who on spying Slivers just stands 
there jiggling some automobile keys and looks 
straight at him with that “wait till I get you 
home” connotation. Slivers sees her; his shoulders 
suddenly sag. He gathers his change and shuffles 
to the door, eyes to the floor, where the Judy 
takes over with an invisible leach. 

The Skull smiles broadly at this not-so-happy 
ending for Slivers, and the riot squad starts 
to leave but I spot them twenty yards and beat 
them to it. 
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Prediction of 
Drawing Properties 
From Tensile Tests 


By E. N. LUDINGTON* 


The load required to draw cylindrical cups 
and the maximum reduction possible can be predicted quite accurately 
from the ultimate tensile properties of the original sheet. (G 4) 


Wis cylindrical cups are drawn from 
circular blanks, the force required is proportional 
to the original diameter of the blank. The maxi- 
mum blank diameter and the maximum drawing 
force are in turn related to the tensile strength 
of the alloy being drawn. The relationship has 
been determined for a number of different ma- 
terials and, in each instance, the maximum load 
was found to be proportional to the product of 
cup diameter multiplied by the tensile strength 
and the metal thickness. 

Since the reduction in drawing is often much 
less than the maximum limits of drawability, 
the determination of the force required for inter- 
mediate drawing reductions should also be use- 
ful. Study of a number of different alloys in- 
dicates that a simple relationship exists between 
tensile strength and the force required for cup- 
ping and it seems to be 
almost independent of 
alloy composition. 

The materials which 


The equipment used for drawing the cups is 
a 50,000-lb. capacity Riehle testing machine 
modified with a traveling head as shown in Fig. 
1. An air cylinder is suspended from the head 
upon which a blank holder is positioned. Vertical 
travel of the ram permits a variation of hold- 
down pressure from 0 to 90 psi. on the blank. 
Within the blankholder and through the air 
cylinder a suitable punch and mandrel is placed 
in alignment with the die. The mandrel may be 
secured to the base of the testing machine as 
withdrawing or stripping needs dictate, As the 
head of the testing machine moves downward, 
the blank is formed into a cup and is removed 
through the exit in the top. 

The die used for the tests was 1.500 in, in 

*Group Leader, Special Products Section, Bridge- 
port Brass Co., Bridgeport, Conn. 


Table I — Mechanical Properties of Alloys Used in 


Cupping Investigation 


were studied include 
commercially pure tita- 
nium, aluminum alloy 
3004 (4 S$), 70-30 brass, 
copper and Type 202 
stainless steel. The me- 
chanical properties of 
the alloys are shown in 


Table L. 


MATERIAL 


70-30 brass No. | 
No. 2 
No. 3 


Copper 


Aluminum alloy 3004 


Titanium alloy Ti-55A 
Titanium alloy RC-70 
Stainless steel Type 202 


STRENGTH 


TENSILE 
STRENGTH 


| ELONGATION 


Gace in 21N 


| 0.036 in. 

| 0.035 
0.036 
0.035 
0.034 
0.036 
0.041 
0.036 


25,300 psi 
51,600 
47,700 
51,800 
$3,600 
72,800 
120,800 
107,200 


11,000 psi 20.3% 
| 19,900 49.5 
16,100 | 65.0 
21,900 52.0 
11,000 41.3 
55,300 28.8 
91,400 20.0 
56,400 53.5 
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Fig. 1 — Equipment Used for Drawing Cups 


diameter with a 3/16-in. entrant radius. To pre- 
vent ironing, a 1.400-in, diameter punch with a 
radius was employed. 


For each of the sheets a series of blanks was 
cut ranging in diameter from 2.050 to 3.010 in. 
The blanks were cupped at a head speed of 2% in. 
per min. using Tycol-Angrove 25 sperm oil as 
a lubricant for the stainless steel and Whitfield- 
Richards 10 § lubricant for the other materials. 
The maximum load required to make the cup as 
a function of percent reduction for each of the 
materials is shown in Fig. 2. 

Each alloy has a separate drawing curve, with 
a straightline relationship between percent re- 
duction of the cup and the load required to form 
it. If the load for a given percent reduction is 
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divided by the cross-section area of the cup, 
using original gage and die diameter as cup 
gage and cup outer diameter, and if the resulting 
cupping stress is in turn divided by the ultimate 
tensile strength of the material, a factor, N, is 
obtained which involves all of the variables. If 
this factor, N, is plotted against percent reduc- 
tion by cupping, a simple relationship that seems 
to be independent of material results, as in Fig. 3. 

Some “N” 
tained by other investigators for zirconium are 
also included in Fig. 3. The cups, made from 
are-melted sponge zirconium strip, were pre- 
pared using a 2.750-in. diameter die for the value 
at 30% reduction; a 1.950-in. die at 45% reduction 
and a 1.500-in. die at 50% reduction. All three 


values calculated from data ob- 
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dies had a 3/16-in. radius. The thickness of the 
disk cupped 30% was 0.021 in.; the other two 
were 0.042 in. thick. The crystal bar zirconium 
strip was cupped using a 1.500-in, diameter die 
with a 3/16-in. radius, With the possible ex- 
ception of the 70-30 brass, all the materials tested 
have very similar cupping characteristics. Since 
N=L+AS 
where L is cupping load; A, cross-section area 
of the cup; and S, the ultimate tensile strength; 
then 
L= 7tS(d—t)N 

where t is metal thickness and d is die diameter. 

To determine the effect on the general curve 
of changing the die radius, four dies were pre- 


Fig. 4 — Effect of Die Radius on N-Factor 
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Fig. 2 (Left)— Load Required to Draw 
Various Alloys. Fig. 3 (Right) — Relation 
Between N-Factor and Drawing Reduction 


pared with radii of 1/16, 5/32, 4% and & in, The 
die diameters and the punch were the same as 
previously used. Blanks were cut from the stain- 
less steel sheet and from the Ti-55A titanium 
sheet previously used and from two different 
70-30 brees sheets. 

The effec of change in die radius is shown 
in Fig. 4. There is a noticeable difference be- 
tween the N values obtained for the two brass 
sheets and those found for the stainless steel 
and the titanium. The effect of the die radius 
is found to be linear between 1/16 and % in., 
with somewhat decreasing slope as the reduction 
is increased. The effect of increasing die radius 
from % to 4 in. is much less than increasing from 
1/16 to % in. 

The relationships between percent reduction, 
die radius and N value are shown differently in 
Fig. 5, and include the interpolated curves for 
a die with a 3/16-in. radius. The interpolated 
curves coincide almost exactly with the experi- 
mentally determined values. 

It was of interest to know whether the results 
obtained in this investigation could be verified 
by other published data from which the factor, 
N, could be calculated, Two such reports appear 
to confirm the relationship. In the November 
1950 issue of Sheet Metal Industries, Claude 
Arbel describes an investigation of the drawing 
properties of two aluminum alloys, 3003-0 
(3 S-O) and 5052-0 (52 S-O), 18-8 Cr-Ni stain- 
less steel and 65-35 brass. They were cupped 
using a 1.557-in. die which had a %-in. radius. 
H. W. Swift, in a symposium on deep drawing 
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Fig. 5—The N-Factor for Brass Differs 
From That of All Other Alloys Studied 


conducted by the Institution of Automobile En- 
gineers in 1940, reported some data on the cup- 
ping of 70-30 brass and aluminum bronze, using 
a die slightly more than 2 in. in diameter with a 
-in. radius. Their results are shown in Fig. 6 
with the curves for a %-in. radius die. Except at 
reductions below about 30%, the agreement is 
very good. Even below that figure the difference 
is not great. 

Although it may not be apparent, the maxi- 
mum value of N is usually greater than 10, 
which means that the maximum stress on the 
sidewall of the cup is higher than the normal 
ultimate tensile strength of the material. The 
probable reason is the bi-axial stress system of 
cup forming. If a tensile specimen is constrained 
so that it cannot contract while it is being tested, 
an apparent tensile strength is found which is 
about 15% higher than normal. 

If an N value of 1.10 is taken as a practical 
maximum, there exists a criterion for judging 
the maximum percent reduction by cupping 
which can be achieved. At reductions close to the 
maximum, the die radius effect is less than at 
lower reductions. For the copper-base alloys, an 
increase in die radius from 1/16 to 4% in. increases 
the maximum reduction from 49 to almost 55%. 
For other alloys the same change in radius ex- 
tends the maximum reduction only from about 46 
to 50%, 

Although the relationship between tool radius 
and metal thickness has not been covered, the 
fact that Arbel’s work on 0,125-in. sheet cor- 
relates quite well with this study indicates that 
thickness may not be an important factor. 

Most of the basic conclusions to be obtained 


Other Alloys 


from this study are not new. The straightline 
relationship between load and percent reduction 
has been noted by many investigators. Similar 
equations for maximum cupping load, taking 
into account tensile strength, material thickness 
and cup diameter, have been developed by vari- 
ous authorities and applied to several quite dif- 
ferent materials. The fact that die radii affect 
cupping loads is also not new. However, it is 
interesting to find that the cupping properties of 
unusual materials like zirconium and copper are 
very similar to those of the more common alloys. 
Because of this similarity it is possible to cal- 
culate cupping loads for many quite different 
materials easily with only two sets of curves of 
N versus percent reduction by cupping. 6 


Fig. 6 — Cupping Tests by Other Inves- 
tigators Confirm the Relationship Be- 
tween Tensile Properties and Drawability 
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No dezincification after Ni-Vee bronze parts replaced manganese 
bronze stems in water system valves such as these produced by water 
works equipment manufacturer, Rich Mfg. Co., Los Angeles, Calif. 


How Ni-Vee bronze valve stems 
halt failures in water system 


VALVE STEM BREAKAGE puzzled and plagued water 
system engineers in the City of Los Angeles. 


Cause of the trouble? Dezincification. A form of 
corrosion that sapped strength from manganese 
bronze stems in cast iron valve bodies. 


Finally city engineers found the answer. As a 
result of 5-year tests of copper-base alloys in a 
variety of waters, these engineers turned to valve 
parts cast in Ni-Vee* nickel-tin bronze. 


High mechanicals 


Containing less than 2% zinc, mainly for scav- 
enging in the melt, Ni-Vee bronze stays immune to 
dezincification. Thus, it retains its original strength 


indefinitely. But that’s only part of the story. 


Ni-Vee bronze gives you high “as cast” tensile 
strength which simple heat treatment can lift up to 
90,000 psi. In addition, this bronze resists wear, im- 
pact and galling. It offers easy castability, low 
shrinkage, pressure tightness, fine grain. Versatil- 
ity plus economy. 


Avail yourself of the money-saving advantages 
afforded by this simple family of five outstanding 
Ni-Vee bronzes. Use them anywhere copper-base 
cast alloys have application for pressure, construc- 
tional and bearing needs. And write for your copy 
of “Engineering properties and applications of 


NI-VEE BRONZES.” Do it now. Negisters 


67 Wall Street 


Anco, THE INTERNATIONAL NICKEL COMPANY, INC. 
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HOW SINGER GETS NEEDLE-FINE 
a CONTROL OF CASE DEPTH WITH 


// ATEROCAREB E+w 


CARBURIZING COMPOUNDS 


CYANAMID'S HEAT TREATING COMPOUNDS INCLUDE: 


AEROCASE” Case Hardening Compounds AEROMET” Metallurgical Additive 
AEROCARB” Carburizing Compounds Metallic Stearates 


The Singer Manufacturing Company, Elizabethport, AERONEAT® Hoot Treating Compounds  Surdece Active A 


N. J., finds that Agrnocars E and W Carburizing Baths 
make it easy to control case depths of their sewing 
machine parts within thousandths of an inch, produc- 
ing excellent wear resistance. 


Vertical operating presser bar shafts and needle bar 
shafts for their 99 Class Sewing Machines are case- 
hardened at 1650°F. Sincer gets fast penetration 
with minimum distortion, and finds water-soluble 
Arnocars E & W easy to remove. Parts emerge from 
the carburizing operation bright, clean and straight, 
ready for fast and easy finishing. 


Agrocars E & W can help you, too, get exactly the 
desired case composition and case depth with low 
distortion. For specific information on the use of 
Cyanamid’s Azrocars Carburizing Compounds, mail 
us the coupon. 
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Acids and other Heavy Chemicals 


= c&VANAN ID 


AMERICAN CYANAMID COMPANY 


META CHEMICAL‘ SECTION 


30 Rockefeller Plaza, New York 20, N. Y. 


Send Technical Data Sheet on Agnocanns E & W Car 
burizing Compounds 


Name 
Company 
Address 


City Zone State 


in Canada: North American Cyanamid Limited, Toronto and Montreal 
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Bausch & Lomb salutes... 
William C.Coons 


—Blue Ribbon Award Winner, A.S.M. Metallographic Exhibit 


BLUE RIBBON AWARD WIN- 
NER for best photomicrograph 
in its class—Mr. William C. 
Coons, Chief Metallographer, 
Climax Molybdenum Co. of 
Michigan, Detroit, Michigan, 


HIS AWARD-WINNING 
PHOTOMICROGRAPHS, 
MADE WITH A BAUSCH & 
LOMB METALLOGRAPH— 


“Recrystallization of 
Wrought Molybdenum." 


Bausch & Lomb Metallographs help industry 
boost output and maintain quality by providing detailed magnified 
images—visual or photographic—for routine work and advanced research. 


The B&L Research Metallograph is one of a complete line of metallographic 
equipments. It provides ready choice of four different views of the same sample—by 
bright field, dark field, polarized light, or phase contrast—ensuring complete identification. 


Find out how these faster, easier, completely dependable analyses 
can help you save on time and materials. Write for Catalog E-240, 
and for complete expert advisory service. No obligation, 
of course. Bausch & Lomb Optical Co., 63808 St. Paul St., 
Rochester 2, New York. 


America’s only complete optical source 
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Fig. 1 — Bainite Formed in a 
Eutectoid Steel at 1000° F.f 


The Bainite 
Transformation 


By R. F. HEHEMANN and A. R. TROIANO* 


Published information (sometimes contradictory) about this 
solid-state reaction and the resulting metastable phase 

has been critically reviewed and assessed in the light 

of recent findings by the authors. (N 8, ST) 


BAINITE, proposed in honor of 
E. C. Bain, refers to the microstructural con- 
stituent in steel resulting from austenite trans- 
formation at intermediate subcritical tempera- 
identified 
first in isothermal studies of austenite trans- 
formation! in a eutectoid steel, was characterized 
as an aggregate of ferrite and cementite having 
the feathery appearance illustrated in Fig. 1. 
Examination of bainite formed in other steels and 
at other transformation temperatures disclosed 
that its appearance could vary through wide 
ranges. Thus, microstructural appearance alone 
does not define this transformation adequately 
but (as will be shown later) the kinetic features 
of the transformation of austenite to bainite 
represent its most definitive characteristics. 

It is the purpose of this article to describe 
the characteristics of the bainite transformation 
and to illustrate the points of similarity between 
it and the more conventional diffusion controlled 
( pearlite ) and non-diffusion controlled ( marten- 
site) modes of decomposition. 


tures. This transformation product, 


Characteristics of Bainite 


The principal characteristics of the bainite re- 
action are: 

1. Transformation can take place at constant 
temperature’ or during continuous cooling at 
appropriate rates, The progress of the isothermal 
reaction is illustrated in Fig, 2, and the general 
form of this curve is similar to that for typical 
nucleation-and-growth 


processes such as the 
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eutectoid reaction. Thus, transformation begins 
after an induction period (time A in Fig. 2), 
proceeds for a short time and then halts. When 
reaction data of this sort at several temperatures 
are combined in the familiar TTT-diagram, the 
curve joining points representing the beginning 
of transformation has the shape of a capital C. 
In this respect, the transformation of austenite 
to bainite is similar to that of austenite to 
pearlite; however, significant differences between 
the two reactions prevent extension of this anal- 
ogy. Note particularly that, in contrast to the 
pearlite reaction, decomposition of austenite to 
bainite need not result in complete disappearance 
of the austenite —that is, distance B in Fig. 2 
may be less than 100%. 

2. Time-temperature conditions under which 
austenite will transform to bainite either may 
overlap with those for the pearlite reaction o1 
may be more or less separated depending on the 
alloy content of the steel. This is responsible for 
the wide variety of TTT-diagrams appearing in 
the literature’*. The two extremes of this be 
havior are noted in Fig. 3. Complete overlapping 

*Dr. Hehemann is Associate Professor and Dr. 
Troiano is Professor and Head of the Department 
of Metallurgical Engineering, Case Institute of Tech 
nology, Cleveland, The authors wish to express their 
appreciation to the Office of Naval Research, U.S 
Navy, for support of this research and for permission 
to publish this survey. 


tFrom “On Naming the Aggregate Constituents 
in Steel”, by J. R. Vilella, G. E. Guellich and E. ¢ 
Bain, Transactions, A.S.M., Vol. 24, 1936, p. 225 
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of the pearlite and bainite reactions ( Fig. 3, left) 
gives the appearance of a single C-curve for 
decomposition in the entire transformation range 
between A, and the M, temperature. This be- 
havior is characteristic of plain carbon steels. 
Alloying elements, which affect the rates of the 
pearlite and bainite reactions differently, produce 
a more or less complete separation of the two 
C-curves as shown in Fig, 3 at right. The degree 
of separation depends on the amount and type 
of alloying element present. 

3. The extent to which austenite will trans- 
form to bainite is a function of reaction tempera- 
ture. As noted in Fig. 2, austenite partially trans- 
forms to bainite relatively rapidly once it has 
started, whereafter this transformation stops. 
‘47 The influence of reaction temperature on 
the extent of this change from austenite to bain- 
ite, shown in Fig, 4, exhibits a striking similarity 
to the “M-T curve” showing the corresponding 
relationships for the martensite transformation. 
The fact that plain carbon and low-alloy steels 
do not exhibit this characteristic we believe'!"" 
is due to the intervention of other transforma- 
tions which may occur at temperatures near the 
top of the bainite range (see Fig. 3, left). In 
such instances it is difficult to recognize the in- 
complete nature of the bainite reaction, since 
the austenite no longer remains untransformed. 

4, The bainite transformation is relatively in- 
sensitive to the prior austenite grain size;* * 
however, recent studies® indicate that austen- 
itizing temperature, in certain steels, may exert 
a role beyond that attributable to changes in 
grain size or to homogenization, For example, 
the reaction may be accelerated after a high 
austenitizing temperature. This phenomenon is 
reversible in the sense that the rate of the bainite 
reaction returns toward its normal value when 
the cooling of the sample from a high austenit- 
izing temperature is interrupted at a lower 
temperature in the austenite range. 


| 


Fig, 2— Progress of the Isothermal 
Bainite Reaction (Schematic) 


5. When no other reaction (austenite to 
pearlite, ferrite or cementite ) overlaps the bainite 
reaction in time and temperature, the austenite 
not transformed to bainite is extremely persistent 
and remains untransformed for exceptionally 
long times at the transformation temperature. It 
has been suggested’ that the rapid reaction to 
bainite does not stop completely but continues 
at a greatly reduced rate. However, quantitative 
metallographic studies** made at Case Institute 
on a medium-alloy hypo-eutectoid steel have 
shown no observable increase in the amount of 
transformation product throughout the time 
interval from 3 to 280 hr. In this instance, at 
least, the bainite reaction had stopped com- 
pletely. 

In view of the relatively high temperatures at 
which the reaction remains incomplete (700 to 
1000° F.), eventual disappearance of the aus- 
tenite must be anticipated; however, the reaction 
sequence may become extremely complex. For 


1. “Transformation of Austenite 3. “Effects of High Temperature Transactions, American Society for 
at Constant Subcritical Tempera- Heating on the Isothermal Forma- Metals, Vol. 31, 1943, p. 41. 
tures”, by E,. S. Davenport and tion of Bainite”, by S, A. Cottrell 6. “Influence of Carbon Content 
E. C. Bain, Transactions of the and T. Ko, Journal of the lron and a the Transformation in 3% 


American Institute of Mining and Steel Institute, 


Metallurgical Engineers, Vol. 90, p. 224. 


2. 


Vol. 173, 1953, 


womium Steels”, by T. Lyman 
and A. R. Troiano, Transactions 


1930, P: 117. 4. “The Intermediate Transfor- of the American Society for Metals, 
“Influence of Austenite Grain mation in Alloy Steels”, by W. T. Vol. 37, 1946, p. 402. 


Size Upon Isothermal Transforma- Griffiths, L. B. Pfeil and N. P. 7. “Isothermal Transformation of 


tion Behavior of S.A.E. 4140 Allen, Second Report, Alloy Steels Austenite in 1% Carbon, High- 
Steel”, by E. S. Davenport, R. A. Research Committee, Iron and Chromium Steels”, by T. Lyman 


Grange and R. |. Hafsten, Trans- Steel Institute, 1939, p. 343. 


and A. R. Troiano, Transactions of 


actions of the American Institute 5. “Quantitative Study of Aus- the American Institute of Mining 
of Mining and Metallurgical Engi- tenite Transformation”, by R. A. and Metallurgical Engineers, Vol. 


neers, Vol, 145, 1941, p. 301. 
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Flinn, E. Cook and J. A. Fellows, 162, 1945, p. 196. 
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A, Austenite 


Pearlite Starts 


Pearlite Finishes 


Ferrite Plus 
Carbide 


Isothermal Temperature 
Austenite 


Martensite Starts 
Ms 


A, 


Austenite 


Pearlite Starts 


Ferrite Plus 
Carbide 


Bainite Starts 


/ Region of Incomplete 
Reaction 


‘ A+F+c 


‘© F+C 


A+F+C 


Time 
Fig. 3 — Left: Pearlite and Bainite Reactions 
Overlap, as in Plain Carbon Steel. Right: The 
reactions are separated, as in high-alloy steel 


example, in highly alloyed chromium or nickel 
steels this is acomplished by the nucleation and 
growth of individual ferrite 
plates.” 7"! 


and cementite 

6. A definite temperature exists above which 
austenite will not transform to bainite.*.* This 
temperature, which has been designated B,, is 
determined experimentally by the intersection of 
the curve in Fig. 4 with the horizontal axis of 
coordinates. Like M,, the actual B, temperature 
is dictated by the composition of the austenite. 
Addition of carbon and all of the common alloy- 
ing elements will lower B, and reduce the rate 
of transformation.'*: Substitutional alloying 
elements are less effective than carbon by ap- 
proximately one order of magnitude, and stand 
in the order: manganese, chromium, nickel and 
molybdenum. Qualitatively, the behavior of the 


individual elements appears to parallel their in- 
fluence on the M, temperature. 


8. “The Bainite Reaction in 
Hypo-Eutectoid Steels”, by E. P. 
Klier and T. Lyman, Transactions 
of the American Institute of Min- 
ing and Metallurgical Engineers, 


Steels”, by 
Julien and A, 


11. “The Transformation Char- 
acteristics of Ten Selected Nickel 
P. Sheehan, C. A. 
R. Troiano, 
actions of the American Society for 
Metals, Vol. 41, 


Time —= 


7. It is possible to transform all of the marten 
site to bainite, ' certain 
limiting temperature (Fig 4). This temperature 
is designated By. 


isothermally, below a 


The relationship between composition and B, 
temperature has seldom been recognized. Studies 
of Krupp-type carburizing steels*® and 3% chro- 
mium steels" indicate that this temperature is 
relatively insensitive to carbon content. We find 
in studies at Case Institute of Technology that 
it is also insensitive to content of nickel, chro 
mium and molybdenum in various combinations 
—at least for a wide variety of medium alloy 
steels —and falls within a relatively narrow 
temperature range, around 600 to 700° F. (In 
many published TTT-diagrams for medium-alloy 
steels, complete transformation is attained at 
temperatures well above 700° F. In these in- 
stances, however, the pearlite and bainite re- 
actions overlap, and transformation to pearlite 
may account for the high B,.) The temperature 
range of incomplete austenite decomposition is 
narrower in the higher carbon and alloyed steels, 


15. “Kinetics of Austenite De- 
composition in High-Speed Steel”, 
by P. Gordon, M. Cohen and R. S. 
Rose, Transactions of the American 
Society for Metals, Vol. 31, 1943, 


Trans- 


Vol. 158, 1944, p. 394. 


9. “On the Progress of Austenite 
Decomposition in the Supercooled 
State in lron-Nickel-Carbon Al- 
loys”, by H. Lange and K. Mathieu, 
Mitteilungen aus dem Kaiser-Wil- 
helm-Institut fiir Eisenforschung, 
Vol. 20, 1938, p. 125. 


10. “On the Transformations in 
Manganese Steels”, by F. Wever 
and K. Mathieu, Mitteilungen aus 
Kaiser-Wilhelm-Institut fiir 
Eisenforschung, Vol. 22, 1940, 
p. 9. 
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1949, p. 1165. 

12. “Decomposition of Austenite 
in High-Speed Steel at Constant 
Temperature”, by A. Gulyaev, 
Metallurg, Vol. 15, 1940, p. 43. 

13. “The Transformation of Aus- 
tenite in High-Speed Steel”, by S. 
Steinberg and V. Zyuzin, Archit 
fiir das Eisenhiittenwesen, Vol. 7, 
1934, p. 537. 

14. “Study of the Transforma- 
tion of Austenite in a Chromium 
Steel”, by S. Steinberg and V. Zyu 
zin, Revue de Metallurgie, Vol. 31, 
1934, p. 554. 


p. 161. 

16. “Austenite Transformation 
Above and Within the Martensite 
Range”, by R. T. Howard and M. 
Cohen, Transactions of the Amer- 
ican Institute of Mining and Metal 
lurgical Engineers, Vol, 176, 1949, 
p. 384, 

17. “The Transformation and 
Retention of Austenite in S.A.E. 
5140, 2340 and T-1340 Steels of 
Comparable Hardenability”, by A 
R. Troiano, Transactions of the 
American Society for Metals, Vol. 
41. 1949. p. 1093 
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Fig. 4—Influence of Reaction Temperature 
on the Amount of Bainite Formed in the Isother 
mal Reaction —the “B-T Curve” ( Schematic ) 


since an increase in carbon and alloying elements 
depresses B, without lowering B,. 

No relationship has been observed between the 
M, and B, temperatures. The latter may be either 
above or below, depending upon the analysis of 
the steel, In those compositions in which M, is 
above B,, it is impossible to produce a fully 
bainitic structure by any thermal treatments 
known to us. The full significance of this tre- 
quently has not been appreciated in commercial 
practice and undoubtedly has helped to further 
the concept that the mechanical properties of 
bainitic structures are inferior to those of tem- 
pered martensite.“* In compositions for which 
M, is below B,, fully bainitic structures can be 
obtained. An increase of carbon content expands 


18. M. S. Thesis, by J. Collins, 


the temperature range between M, and B, be- 
cause of its potent effect in lowering M,. The 
higher carbon steels thus lend themselves more 
readily to heat treating cycles designed around 
fully bainitic structures. 

8. Many studies ( References 6,7, 8, 10, 22, 24, 
27 to 32) show that the carbide resulting from 
austenite decomposition in the bainite range (at 
least above 600° F.) is invariably cementite, re- 
gardless of the alloy content of the austenite. 
(This is orthorhombic carbide of composition 
(Fe, M),C where M stands for various alloying 
elements. This is to be contrasted with complex 
alloy carbides or alloy-rich cementite which may 
occur at higher temperatures and with special 
transition carbides which may occur at lower 
temperatures.) The alloy content of this cemen- 
tite in the bainite microconstituent follows that 
of the austenite —that is, there is no partition 
of alloying elements associated with the trans- 
formation. However, continued stay at the trans- 
formation temperature or tempering at higher 
temperatures will start a redistributing of the 
alloy between carbide and ferrite if equilibrium 
so demands. 

The carbide in the bainite formed at tempera- 
tures below approximately 600° F. (as can occur 
in relatively high-carbon steels) is different from 
the cementite formed at higher temperatures. 
Magnetic measurements reveal no cementite 
Curie point®*** and dilatometric measure- 
ments** produce total expansions which are 
larger than those predicted on the basis of a 
ferrite-plus-cementite structure. 

9. It is also well established that partial trans- 
formation of austenite in the bainite range lowers 
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M. of the untransformed austenite and increases 


the amount of austenite retained at room tem- a . WY 
perature. (See references 6 to 15, 17, 36.) This ~“¢ \ 
of the austenite in carbon. However, it has been a ~ 
observed**: *° that M, can be lowered by holding 
the steel in the bainite transformation range for 
times shorter than that required for the forma- 
tion of visible amounts of transformation prod- i “et 

uct, and that high-purity, binary iron-chromium 
and iron-manganese alloys also retain greater 
amounts of austenite at room temperature after Ws 


partial transformation at high temperatures." '° 


Thus, a true stabilization process also must be 


active in the bainite range, as pointed out by 
Troiano and Greninger in @ Metals Handbook.*' 
Carbon enrichment also has been postu- 


lated**: 42 to explain the observation that com- 


plete transformation to bainite does not occur 


at temperatures near B,, However, the existing 


metallurgical literature does not appear to sup- 


port this possibility. Although lattice parameter 


measurements of retained austenite in steels con 


taining 0.3 to 0.4% carbon have indicated carbon 
enrichment, studies with the electron microscope 


have demonstrated that this enrichment is highly 


localized around each bainite plate.*® Futher- 


more, carbon enrichment has not been detected 


in hypereutectoid steels under conditions where 


large amounts of austenite remain untrans- 
formed,” ** Thus, in both hypo-eutectoid 
and hypereutectoid steels, large regions of non- 


enriched austenite exist after the end of the 


bainite transformation. Although a_ localized 


carbon concentration gradient could stop the 


growth of a bainite plate, this hypothesis does 


not explain why new plates do not nucleate at 


some distance from the existing ones. 
10. Structurally, bainite is an aggregate of 
ferrite and carbide. Although the microstructure 


may assume a variety of forms, all are more or 


less acicular, as shown typically in Fig. 5. 


The morphology changes gradually with the 


reaction temperature, so no pronounced struc- 


tural change is observed over any small tempera- 


ture range. As is true of martensitic structures,*” 


the appearance of bainite is dictated primarily 


by the temperature of formation rather than the 


composition of the austenite. At the top of the 


range, the structure resembles an acicular ferrite *&, 


1650° 


out the ferrite. (See micros for 970 and 900° F. — «6%. 


with a few carbide particles dispersed through- 


in Fig. 5.) This structure has been termed the 


pis Fig. 5 — Microstructure of Bainite in 
X constituent” by Davenport** or “pro-bainitic S.A.E. 4340 Steel Transformed at Var 


ferrite” by Hultgren.** Carbide particles become 


ious Temperatures Nital etch, 800 
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more numerous and more finely dispersed and 
the acicularity becomes more pronounced as the 
reaction temperature is lowered. Figure 5 shows 
that at temperatures near M,, the structure 
assumes the appearance of tempered martensite, 
although bainite plates are thinner than marten- 
site plates formed at the same temperature.'” 

11. Surface distortion, similar to that observed 
in the martensite transformation, accompanies 
the decomposition of austenite to bainite,*” 
but a detailed analysis of the distortion pro- 
ducing the surface relief has not been made for 
bainite, as has been done for martensite. It has 
also been observed that bainite grows in a slow, 
continuous manner, quite in contrast to the 
almost instantaneous propagation of a martensite 
plate. For this reason it has been suggested” 
that the formation of bainite involves a shear 
transformation in which the rate of propagation 
is controlled by the diffusion of carbon. 

The rate of growth of the bainitic constituent 
depends upon the reaction temperature and upon 
the composition of the austenite. The plates 
grow both in length and thickness; however, the 
growth in length is considerably faster. Quanti- 
tative measurements have not been reported. 

12. Lattice relationship and the orientation 
habit in the austenite-bainite transformation de- 
pend upon the reaction temperature. The orienta- 
tion habit of bainite in a plain carbon steel 
(0.92% C) was found to vary continuously with 
transformation temperature.** Basically, the 
habit plane does not delineate any low index 
plane of the austenite. The habit plane at 840° F. 
was approximately octahedral and varied along 
a [134] austenite zone as the transformation tem- 
perature was lowered. 


In eutectoid steels, bainite formed at 840 and 
750° F. displayed the Nishiyama lattice relation- 
ship between austenite and ferrite, whereas that 
formed at 680° F. exhibited the Kurdjumov and 
Sachs relationship.** These lattice relationships 
suggest that bainite is nucleated by ferrite. 

Direct observation of the lattice relationship 
between austenite and the carbide phase of 
bainite has not been reported, Electron micro- 
scope studies'®°*°* reveal that the carbide 
phase is present as small, parallel platelets pref- 
erentially oriented with respect to the needle 
axis. In bainite formed at low temperatures, the 
carbide plates are extremely fine and are aligned 
along planes in the ferrite matrix at an angle to 
the major axis of the bainite needle; at higher 
temperatures, the carbide particles are larger, 
and lie parallel to the major axis of the bainite 
plate. 

13. Applied stress during transformation in the 
bainite range markedly accelerates the reaction 
rate.’ °* © Furthermore — although the data 
are fragmentary — there are indications that the 
total amount of bainite may be increased and 
that some transformation may be induced at 
temperatures above B, by tensile stresses. A gen- 
eral correlation between the influence of stress 
on the bainite and on the martensite transforma- 
tions appears likely. 


Stabilization of Bainite 


Reaction kinetics in the bainite range depend 
upon prior thermal history, For example, the 
time required for the formation of 1% bainite 
(induction period) in hypo-eutectoid steels is 
shortened appreciably by a brief interruption in 
the pro-eutectoid ferrite range during quench- 
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Fig. 6 — If Steel Is Held Isothermally in Bain- 
ite Zone Long Past the End of the Bainite 
Reaction, a Considerable Amount of the Un- 
transformed Austenite Is Stabilized Against 
Transformation at Lower Temperatures** 


ing.” °' On the other hand, holding a hyper- 
eutectoid steel in the pro-eutectoid carbide range 
markedly delays the bainite transformation.” °° 

Decomposition at a low temperature in the 
bainite range is retarded by prior treatment at 
a higher temperature in this range.” '" °° The 
total volume of metal transformed at the lower 
temperature may also be reduced."* This reveals 
that the bainite reaction is susceptible to a sta- 
bilization similar to that for martensite. 

Both the time and temperature of the prior 
treatment control the amount of austenite which 
becomes stabilized. See Fig. 6, wherein the times 
for the beginning and ending of the bainite re- 
action are designated by arrows. Significant 
amounts of stabilized austenite do not appear 
until the holding time approaches the end of the 
bainite reaction at the initial temperature — that 
is, until appreciable transformation has taken 
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place. Continued isothermal treatment after the 
bainite reaction has stopped results in additional 
stabilization, as demonstrated in Fig. 6; however 
a plateau value is achieved eventually. These 
results suggest that this stabilization process is 
fundamental to the incomplete nature of the 
bainite reaction at the higher transformation 
temperatures. 

The influence of isothermal temperature on 
the maximum amount of austenite which is 
stabilized against reaction at lower temperatures 
(distance A in Fig. 6) is revealed in Fig. 7. The 
amount of stabilized austenite appears to in- 
crease as the holding temperature is lowered; 
it passes through a maximum value and then de- 
creases as the holding temperature approaches 
the reaction temperature."* As in the stabilization 
of the martensite reaction, the behavior results 
largely from the fact that the amount of austenite 
available for transformation at the lower tem- 
perature becomes less as the holding temperature 
is reduced (as is shown in Fig. 4). 


Reaction Mechanism 


The many suggestions for the mechanism of 
the bainite reaction may be classified in two 
basically different categories, One, contained in 
references 8, 38, 49 and 65, requires that bainite 
initially forms as supersaturated ferrite by a 
lattice shearing process. According to the other 
proposal due to Hultgren,** bainite forms directly 
from austenite as an aggregate of ferrite and 
cementite. Proponents of both mechanisms agree 
that the transformation is nucleated by ferrite 
rather than by cementite. 

According to the first hypothesis (supersatu- 
rated ferrite mechanism ), B, represents that tem 
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perature at which stress-free ferrite and austenite 
of identical composition are in equilibrium.**: ® 
Interpreted literally, this requires that, once 
nucleated, the mode of development of a bainite 
plate should be identical with that of a martensite 
plate. Although relief effects (surface distor- 
tions) have been observed’ in the transforma- 
tion of austenite to bainite, each plate developed 
in a slow, continuous manner. In the absence of 
rapid propagation of the new phase, the high 
diffusion rate of carbon in ferrite or austenite 
would prohibit the formation of supersaturated 
ferrite with the same composition as the parent 
austenite, Consequently, it has been suggested” 
* that growth of a bainite plate is controlled 
by diffusion of carbon through austenite. Statis- 
tical fluctuations in carbon concentration create 
small, low-carbon regions whose M, is above 
the transformation temperature. (In high-carbon 
steels, these low-carbon regions may result from 
carbide precipitation which may precede or ac- 
company the bainite transformation.) Conse- 
quently, these regions transform martensitically 
and continue to grow slowly as carbon is re- 
moved from the austenite-bainite interface. This 
migration of carbon may be accomplished by 
precipitation of a carbide phase or by diffusion 
into the surrounding austenite. 

Hultgren’s mechanism, involving the separate 
precipitation of ferrite and cementite from aus- 
tenite, is based on observations of the structure 
and composition of bainite, The transformation 
is considered to be nucleated by a special form 
of ferrite (termed para-ferrite ) which inherits 
its alloy content from austenite while its carbon 
content corresponds to a special metastable equi- 
librium value dictated by the transformation 


56. “The Acceleration of the tion of Austenite” 


Fig. 7—Amount of Austenite Stabilized 
Against Transformation at 800° F. Be- 
cause of Long Isothermal Heating at 
Temperatures Above 800° F. (Reference 62) 


temperature. Formation of this para-ferrite en 
riches the surrounding austenite in carbon so 
that cementite (with the alloy content of the 
austenite) forms in juxtaposition to the ferrite. 
The ferrite then continues its growth around the 
cementite particle, Electron micrographs confirm 
the structural features of this mechanism.*” 
Conclusion — It is apparent that the bainite 
transformation occupies a unique position in 
solid-state reactions. Although it exhibits most of 
the characteristics of a martensite transformation, 
the slow rate of propagation of individual plates 
indicates that diffusion controlled processes must 
have an important role in the mechanism of the 
bainite reaction. 
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By H. P. BONEBRAKE* 


Gallium, which will melt in the hand, does not boil 
until it reaches 3600° F. This characteristic 
is one of its most useful properties. (Ga) 


A RECENT discovery by the laboratory staff 
of the refining division at the East St. Louis 
works of Aluminum Co. of America, of a new 
use for gallium brings again to attention a long- 
available but little-used metal. The liquid metal 
is an effective sealant for glass joints and valves 
in vacuum equipment. It has more than doubled 
the operating time of a ground glass joint and 
points the way to simplification and lower costs. 
But this novel application does not quite ap- 
proach the wide commercial use long sought by 
gallium’s producers. 


AUGUST 


1956 


Discovered and named in 1875 by Lecoq de 


Boisbaudran, gallium’s existence and strange 
physical and chemical properties were predicted 
six years earlier by the Russian chemist Men 
deleeff. In fact, both of these men were following 
leads derived from fundamental considerations 
Mendeleeff, in constructing his periodic sequence 
according to properties of the elements, noted a 
blank in Group IIb immediately under alumi 
num and said that an element “cka-aluminum 

* Product Manager, Chemical Products, Aluminum 
Co. of America, Pittsburgh 
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would be eventually found to fit the space. De 
Boisbaudran, studying the spectral lines of the 
elements, noted a definite periodicity, and an ele- 
ment missing between aluminum and indium 
which he searched for and found in a zine ore 
from the Pyrenees. Since then, scientists, re- 
searchers, and development engineers have spent 
some effort, with small success, on finding profit- 
able uses for the unique metal. 

Like several of the elements, gallium is a sil- 
very white metal, but unlike all others, it melts 
at 86° F. (30° C.) and remains a liquid until 
approximately 3600° F. (1980° C.). This ex- 
tremely long liquid range prompted de Boisbau- 
dran to suggest its oldest application — in place 
of mercury for high-temperature thermometers. 
Unlike mercury, it is nontoxic. In its newest 
use, gallium’s low melting point was utilized to 
place liquid metal in the joint sleeves of glass 
laboratory apparatus. 

When atomic energy power plants became a 
probability, gallium’s long liquid range and low 
vapor pressure invited attention as a_heat- 
exchange medium. But the metal’s trait of “wet- 
ting” almost everything, including glass, stymied 
the proposal. Even though this property appears 
to be due to traces of oxide, in the gallium or on 
the object, truly oxygen-free conditions are very 
difficult to produce and maintain. 

A summary of gallium’s properties as a heat 
transfer medium is given in the 2nd Edition of 
the Atomic Energy Commission’s “Liquid-Metals 
Handbook”. In this same book may be found the 
following cross sections for thermal neutrons. 


Isororr No 69 70 71 2 
Abundance (natural) 61.2% 38.8% 
Cross section 1.4 3.4 
Half life 20 min. 14.1 hr. 


( All isotopes from 64 to 73 have been prepared. ) 
The cross sections of the natural isotopes are 
rather high in comparison with sodium (0.45) 
or aluminum (0.21), but still are not too high for 
consideration. The greatest drawback of gallium 
is that at elevated temperatures it attacks solid 
metals and can be contained only by quartz, 
graphite, alumina and some other refractory 
oxides, and the metals tungsten and tantalum. 
Gallium’s ability to wet, however, and to reflect 
a high percentage of incident light led to its 
limited use as a backing for optical mirrors. 

As one of the few metallic elements having 
greater density as a liquid than when solid (bis- 
muth and antimony being two others), gallium 
presents an interesting packaging problem. Alcoa 
prevents loss or contamination of shipments by 
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packaging liquid gallium in rubber bulbs and 
plastic capsules to allow for the 3.1% expansion 
of volume upon freezing. This unusual charac- 
teristic has suggested that it can be used to 
obtain high pressure at low temperatures; it also 
improves gallium’s efficiency as a sealant in 
vacuum equipment. 

Experiments with gallium as an alloying mate- 
rial have shown that a small amount increases 
the hardness of ternary aluminum alloys. Tests 
recently completed at Alcoa Research Labora- 
tories indic ate that in severe ly corrosive environ- 
ments, gallium improves the resistance to corro- 
sion of commercially pure magnesium and of a 
Mg-Sn binary alloy. A rather comprehensive 
review of what is known about gallium alloys 
is contained in Argonne National Laboratory 
Report No. 4109. 

Its most successful application, however, has 
been in gold alloys used in dental work. In a test 
of strength, such an alloy, mixed in a mortar and 
pestle and formed into a filling with a cross- 
sectional area of 0.03 sq.in., supported a 2000-Ib. 
weight — equivalent to 66,000 psi. 

But these and other uses have generated only 
a small demand for gallium. Cost is high because 
of the complicated processing methods required 
to produce the metal; it costs $3.00 to $3.50 per 
g., depending on the size of the order. 

Gallium occurs only in minute quantities in 
bauxite, zinc ores, and in coal. Alcoa refines 
gallium from the Bayer process solution as a by- 
product in making alumina, the feed for the 
electrolytic cells producing aluminum metal. 
Other firms extract it from the residues of zinc 
distillation plants. British metallurgists have esti- 
mated that 2,000,000 Ib. of gallium is left behind 
in the ash and soot of coal burned yearly in 
England. The gallium-rich residues are con- 
centrated and refined chemically into a solution 
in caustic soda, and then electrolyzed between 
insoluble anodes, The gallium drips off the 
cathode, Later purification depends on the fact 
that gallium may be supercooled some 50° C, 
below its real freezing point. The supercooled 
metal is seeded with a small crystal of gallium 
and the crystal grows rapidly, the impurities 
tending to remain in the liquid. When most of 
the liquid has crystallized, the solid is removed, 
and the process repeated until the desired purity 
is reached. This process has certain similarities 
to the “zone refining” methods for producing 
germanium crystals for transistors. Germanium, 
by the way, is next-door neighbor to gallium in 
the periodic sequence. =) 
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for 


Endothermic Gas Generators 


A new instrument for automatic control of air 


By H. N. IPSEN* 


and gas ratio fed to endothermic gas generators assures accurate control 


ETELY automatic carbon potential 
control of furnace atmospheres has not beer pos- 
sible because of inevitable fluctuations in compo- 
sition of the carrier gas produced in conventional 
endothermic gas generators. With small varia- 
tions in composition of the A.G.A. Type 302 gas, 
automatic equipment such as that described in 
“Automatic Carbon Control” in Metal Progress, 
July 1954, will provide adequate control of the 
furnace atmospheres. An excessive variation in 
composition is difficult to handle and correction 
may be either too slow or inaccurate. 

The most important factor which influences 
the composition of the endothermic gas is the 
ratio between the amounts of air and gas fed 
into the generator. A slight change in this ratio 
will produce a disproportionally large change in 
the carrier gas composition, as indicated in Table 
I. The dew point, which is used to control carbon 
potential of the furnace atmosphere, is appreci- 


Table 1 — Composition of A.G.A. Type 302 Gas 
Produced With Different Ratios of Air to Gas 


of composition of the output gas. (J 2, $ 18) 


RATIO oF 


tom on Cas Dew Point H, OO OO, CH, 


2.50 99.5) 19.9 0.1 0.6 
2.65 26 36 18.5 O4 0.4 
2.75 4 384,174 0.6 0.3 
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ably affected; an increase in the ratio of air to 


gas from 2.5 to 2.75 increases the dew point from 
7 to 46° F, 

The temperature at which the generator oper- 
ates also has an effect on gas composition but at 
temperatures above 1800° F. the effect is negli- 
gible. Other variables include the time required 
for the gas to pass through the catalyst, the activ- 
ity of the catalyst and the humidity of the air. 
Most generators have a range of capacity over 
which the gas produced will be of uniform com 
position. Deviations from this range will cause 
fluctuation of the dew point, which must be cor- 
rected by adjusting the air-to-gas ratio. 

Although the air-to-gas ratio is the most im- 
portant variable, it has until now required man 
ual control which can never be as precise as 
instrument control, In order to evaluate the mag 
nitude of dew point fluctuation of the carrier gas 
under typical operating conditions, a Dewtronik 
instrument was attached to a gas-fired generator 
which was set to produce a gas with a dew point 
F. The varia 


of +25” F. with a variation of +5 
tion of dew point under manual control is shown 
in Fig. 1. 

At the start (bottom of chart), the operator 
He turned the 
ratio control knob to correct it and several min 


found the dew point to be 40° F 


* President, Ipsen Industries, Inc., Rockford, Il 
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Fig. 1 ~ Dew Point Fluctuation of En- 
dothermic Gas Under Manual Control 


utes later another check showed that the dew 
point was now within the prescribed range and 
the atmosphere under control. After one hour, 
one or a combination of factors forced the dew 
point up and out of control range. To correct it, 
the operator again turned the knob — but inad- 
vertently in the wrong direction! Assuming that 
the adjustment was correct he did not check the 
dew point again for another hour, In the mean- 
time, this generator supplied carrier gas to three 
furnaces and they were all out of control. 

This situation is typical; the “human element” 
makes it difficult to keep the carrier gas within 
control limits in spite of the fact that the air-to- 
gas ratio can be controlled easily by manual ad- 
justment. 

The Dewtronik system of composition controi 
was evaluated carefully for about a year by com- 
parison with control by hydrogen determinations. 
The dew point measurements proved to be a 
more reliable method. Dew points were actually 
taken every 2 to 3 sec. Equipment for detecting 
methane, carbon monoxide and carbon dioxide 
was not included due to lack of practical com- 
mercial units. 

Automatic control required the design and per- 
fection of a control interlock arrangement that 
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would regulate the air-gas mixer according to the 
dew point instrument readings. One major prob- 
lem was the accurate expansion of the gas to 
atmospheric pressure to insure that both air and 
gas would enter the mixing chamber at equal 
pressure. 

The new mixer, shown in Fig. 2, utilizes a 
cylindrical valve with rectangular ports for air 
and gas. A piston, moving vertically within this 
valve, is actuated by a diaphragm back-loaded 
against the air supply. As generator output fluc- 
tuates, this piston controls the volume of air and 
gas being fed to the mixer. The air-gas ratio re- 
mains constant. To set the ratio, a control knob 
is turned. It changes only the size of the air port 
opening by rotating an adjustable sleeve. 

The adjusting rod and knob were extended be- 
yond the side of the casing, a clutch and sprocket 
attached, and a 1/50-hp. reversing motor con- 
nected to it by a chain. A clutch was included 
for manual adjustments. The drive motor was 
then connected to the control contacts of the 
Dewtronik and “floating control” attained with 
the motor constantly in motion at a speed of 
about 2 revolutions per hr. Floating control of 
this type is considered the most sensitive since 
no dead spots or neutral positions are involved. 
Control is constant and speed of response is rapid 


Fig. 2 — Cross Section of Special Air-Gas Mixer De- 

veloped for the Automatic Endothermic Generator. 

A—Gas, B— Air, C—Cylinder with port, D— Piston, 

E— Mixer outlet, F —- Diaphragm, G—Connecting rod, 
H — Rotating sleeve mechanism 
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Fig. 4— Dew Point of Automati- 
cally Controlled Endothermic Gas 


enough to return the air-gas ratio 
to the required level before any 
damage is done. In operation, it / 
was found that generator re- 
sponse to any changes in the air- 
gas ratio was on the order of 10 
to 15 sec. at rates as rapid as 


15 dew-point degrees per min. iis 
These rates were achieved under ie 
maximum flow and capacity con- . 


ditions. 

The first combination control- 
ler-generator was housed in a 
common shell and the unit x 
placed on final test early in 1955. 
The generator was dried out and 
the unit placed on manual con- 
trol for several weeks. At the end 
of this time, the atmosphere sam- 
pling line from the generator 
outlet was opened and carrier 
gas filtered and passed to the voltage-type send- 
ing head. Flow was about 25 cu.ft. per hr. at 
9 oz. pressure. In the Dewtronik system, the 


Fig. 3—Ipsen Automatic Endothermic Generator 


AUGUST 1956 


actual dew-point temperature is detected by a 


copper-constantan thermocouple in the sensing 
head, connected to a potentiometer. This instru- 
ment has a full scale travel of 5 sec. which is suffi- 
cient speed for the response of the Dewtector. 

After a few days of continuous operation, the 
motorized control knob was energized. For a 
period of three months, satisfactory continuous 
automatic control could not be obtained because 
of a number of minor modifications and adjust. 
ments necessary in the mixer and control system. 
Finally, the unit shown in Fig. 3 was ready and 
for the first time fully automatic control of an 
endothermic generator was achieved. 

The chart in Fig. 4 shows the degree of con- 
trol possible in a 24-hr. period. The oscillations 
indicate the floating control action of the air-gas 
mixer motor. They can be varied by changing 
the drive ratio between the motor and the control 
knob sprocket. The most satisfactory oscillation 
has been found to be about +1° F. 

The fully automatic control of an endothermic 
gas generator eliminates the last 
namely, carrier gas composition, which has pre 
vented full automation of controlled-atmosphere 


variable 


processing equipment. Manual generator adjust 
ments can now be eliminated, technician atten 
tion minimized and periodic burnouts and down- 
time for maintenance considerably reduced. Last 
but not least, control of the atmosphere in a 
furnace can now be more rapid and accurate. @ 
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Evecrnic MELTING AND SMELTING PRACTICE, 
by A. G. E. Robiette, Charles Griffin and 
Co., Ltd, London. 347 p., 1955, 50s. 


The strange economic paradox of a steady 
or declining cost of electric power while the 
cost of all other sources of thermal energy has 
increased sharply has precipitated much new 
interest among engineers in all types of electric 
furnaces. Highly industrialized nations have had 
to increase electric power output to keep up 
with the growth of industry, and many backward 
nations are expanding electric output so as to 
develop new industries. 

This book is therefore most timely, particularly 
as a reference book for the many metal pro- 
ducers who are currently studying the compara- 
tive merits of electric furnaces and older types 
of fuel-fired equipment. It is the most complete 
and detailed summary of electric furnace design, 
operation, heat balances, and costs that have 
ever been assembled in one volume. It reflects 
the author's long experience in many countries, 
and is written in a clear and lucid style. 

The first three chapters are concerned with the 
application of arc furnaces for the melting of 
steel, cast iron and nonferrous metals and alloys; 
two chapters cover the various types of induc- 
tion furnaces; others are on resistor melting fur- 
naces, pig iron smelting, ferro-alloys, and 
the electric smelting of nonferrous metals. Each 
chapter contains a complete description of fur- 
nace construction, plant operating details, heat 


*Head, Department of Metallurgical Engineering, 
University of Alabama, University, Ala. 
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Electric Melting — Its Place in the Economic Scheme 


By E. C. WRIGHT* 


balances, and in most instances operating costs. 
An extended bibliography for each chapter lists 
all important pertinent papers. 

The reviewer found the first three chapters 
on melting of most interest. It has long been 
admitted that the quality of most metals and 
alloys is better and more uniform when they are 
melted electrically than when processed in fuel- 
fired furnaces. In the past electric energy has 
been more costly than energy from mineral 
fuels, but this economic gap is narrowing every 
year. The high thermal efficiency of large elec- 
tric furnaces (about 80% as compared to about 
20% for fuel-fired furnaces) also has a strong 
bearing on the comparative merits. Larger fur- 
naces with better control equipment have been 
developed; faster melting and lower labor 
charges are also important. Technical advan- 
tages of large electric furnaces include fast heat 
input, higher temperatures more easily regu- 
lated, better control of furnace atmospheres and 
slags with more desirable refining conditions for 
finishing the melts. 

The author devotes about one third of the 
book to electric steel and iron melting. Every 
known type of furnace is described, with details 
on electric equipment, controls, refractories, 
electrodes, and other auxiliaries. Heat balances, 
melting rates, charging and slagging methods are 
included with actual heat logs as examples. New 
developments such as removable tops, top charg- 
ing and oxygen blowing are fully described. Most 
of the data in the Battelle report on comparative 
capital costs, operating costs, and melting rates 
of electric arc versus openhearth steel furnaces 
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are reviewed and analyzed from a British point 
of view. Much of this material relates to small 
furnaces (10 to 25 tons) which are typical of 
foreign plants, and too little data are given 
for the much larger furnaces (100 to 200 tons) 
now being built in the United States. The higher 
power input for faster melting, made avail- 
able through larger transformers, is emphasized, 
power on newer furnaces per ton of holding 
capacity has more than doubled in the past 
20 years. Thermal efficiencies for various sizes of 
furnaces are also compared. 

In the chapter on cast iron melting, the author 
concedes that for ordinary gray iron the cupola 
furnace is considerably cheaper both in fuel cost 
and capital investment. He bases his opinion on 
cupola cost of $25 per net ton of coke at 178 Ib. 
of coke per ton of iron melted as against l¢ per 
kw-hr. at 446 kw-hr. per ton of iron for the elec- 
tric furnace. Since several large electric furnaces 
are melting steel with all-cold-scrap charge at 
500 kw-hr. per ton, the power figure given for 
cast iron melting seems high. Many tons of cast 
iron have been melted in the U.S. at a power 
consumption of 350 to 400 kw-hr. per net ton. 

The chief advantages of the electric furnace 
are for melting low-carbon malleable cast iron 
(2.5 to 3.0% ¢ 
austenitic irons, and for mass production of such 


), alloy cast iron such as Ni-Resist, 


special products as piston rings. Here the more 
accurate and uniform control of temperature and 
composition makes electric melting superior. 
Electric furnaces (either direct or indirect-arc ) 
are also widely used for melting cast iron borings 
or steel turnings. Much space is given to the 
indirect-are rocking furnace and its advantages 
for melting small heats of special irons (less 
than 1000 Ib.) in jobbing foundries and for melt- 
ing borings with little oxidation or metal loss 
(3 to 5%). 

The author also emphasizes the value of 
duplexing cupola iron in electric furnaces and 
advocates this practice in mass-production foun- 
dries, especially for malleable iron. The low 
sulphur content of electric-furnace irons is 
No mention is made of nodular iron 
melting in the electric furnace but the low 
sulphur factor should be of great advantage for 
this application. 

Two chapters are devoted to induction fur- 


stressed. 


naces, one for normal frequency (25 to 60 cycles ) 
and the other for high frequency. Complete de- 
tails and references are given on construction, 
operation and applications with particular em- 
phasis on electrical characteristics and refrac- 
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Courtesy Westinghouse 


tories. Very little is said about the new use of 
high-frequency furnaces for vacuum melting. 
Smelting of pig iron and other nonferrous 
metals is illustrated by descriptions of most of 
the successful installations for smelting ores 
direct in electric arc furnaces. The author has 
apparently had much experience in this field. 
He states that up to 2,000,000 long tons of pig 
iron is now being produced in areas where elec- 
tric power is cheap and high-grade coal and coke 
not available. Power consumption approximates 
2250 kw-hr. per net ton of pig iron with ores 
containing 50% iron. Most of these smelters are 
in Scandinavian countries, Italy and Switzerland; 
also a 15,000-kva. furnace is to be built in Brazil. 
Capacity of such furnaces is less than 50 tons 
per day; power supply 
12,000 kva. 
greatly during recent years, there is much new 
interest in these electric furnaces for producing 
pig iron, especially in Canada and the Pacific 
Northwest where good coal is scarce and good 


ranges trom 6000 to 
Since coke costs have increased 


iron ore and electric power are available. The 
author compares the relative thermal efficiencies 
of the standard coke blast furnace with the elec- 
tric furnace and admits that the blast furnace 
is much superior. Electric power at a cost of 5 
mils per kw-hr. would be required to make the 
are furnace competitive. rs] 
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Should High-Strength 
Parts Be Prestressed? 


Copaicug, N.Y. 

As designers and manufacturers 
of store suspension equipment, we 
read with great interest the article 
by Jerome W. Kaufman entitled 
“Prestressing an Ultra High-Strength 
Steel to Perform Even Higher Duty” 
in the May 1956 issue. 

We do considerable work in the 
field of high-strength materials used 
for hooks in bomb racks and explo- 
sive ejectors and have tried pre- 
stressing, shot peening and high- 
temperature baking to improve static 
and fatigue strengths of various 
components, We have conducted a 
great deal of development and re- 
search in order to avoid the use of 
prestressing as described in Mr. 
Kaufman's article, Although pre- 
stressing results in improved fatigue 
characteristics the resultant distor- 
tion of the hook pivot points and 
bearing surfaces plus the cracking 
of the chromium plating more than 
wipe out this advantage. The bear- 
ing face of the hook is essentially 
a friction surface whose relative 
smoothness must be maintained for 
reliable operation of the mechanism. 
We have avoided the use of pre- 
stressed hooks in many of our suc- 
cessful designs by 
attention to 


paying close 
concentration 
points and maintaining good quality 
control of heat treating, plating and 
stress-relieving procedures. 

There was some discussion in the 
article as to the use of “Super Hy- 
Tuf” steel in the 280,000 to 300,000- 
psi. range as a hook material. Our 
work indicates that this material 
has considerable merit; however, 
the problems of noteh sensitivity, 
room-temperature stress-rupture 


stress 


properties and lack of uniform 
cleanliness have thus far been a 
deterrent to its general use. 

Studies made at the University 
of Pittsburgh have indicated that 
aircraft quality S.A.E. 4140, when 
properly processed, is still the most 
reliable material to use for bomb 
rack hooks. 

Mr. Kaufman's excellent article 
points out one of the knotty prob- 
lems that designers of this type of 
equipment encounter regularly. 
There are many other components 
which require high tensile strength, 
good corrosion resistance and high 
stress-rupture and fatigue character- 
istics. There is much that the metal- 
lurgists have yet to do in this air- 
craft armament program. 

R. E. Keme non 
Chief Engineer 
McLean Development Laboratories 


Only a Delay in 
Delayed Cracking 


Wasnincton, D.C. 

In my article “Delayed Cracking 
of Rolled Ti-150 A” published in the 
May issue of Metal Progress, 1 gave 
the impression that cross rolling 
prevented delayed cracking. This 
was true at the time the article was 
written, about six months after the 
work was done. I had occasion to 
check the specimens recently (six 
months later) and found the cross- 
rolled strips split right down the 
middle, Evidently, cross rolling 
only increased the time for crack 
initiation. To prevent delayed crack- 
ing, it is necessary to eliminate the 
high residual stresses in the strip 
ends either by cropping or by a 
suitable heat treatment. 

Haroip Bernstein 
U. S, Naval Gun Factory 
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The Greeks Haven't 
Named It 


Boston 

W. L. Havekotte’s stress-rupture 
data for A.M.S. 5616 B shown in the 
May issue of Metal Progress are of 
considerable technological _impor- 
tance but I am very sure that the 
nominal composition which he sets 
forth would not have the properties 
indicated. 

The analysis of A.M.S. 5616 B is 
based on U.S. Patent No. 2,227,891 
issued to me and requires the pres- 
ence of nickel to extend the gamma 
loop and thus permit the formation 
of austenite on heating and marten- 
site upon quenching. Hence, in this 
composition 1% to 2%% nickel is 
essential. 

We also have a mild objection to 
labeling this alloy “Greek Ascoloy”. 
It is not Ascoloy and the only things 
Greek about it are the alpha and 
gamma phases which, as in all mar- 
tensitic alloys, are present at room 
temperature and at high tempera- 
ture, respectively, 

Rospenrt S. Rose 
District Manager 
Latrobe Steel Co. 


PirrsBpuRGH 

The nickel content was inadver- 
tently omitted from the nominal 
composition of the alloy whose 
properties were described. It did 
contain 2% nickel. 

Concerning Mr. Rose's mild objec- 
tion to labeling this alloy “Greek 
Ascoloy”, we use this terminology 
because of its general acceptance. 
Any suggestions for another name 
for the alloy would be appreciated. 

W. L. Havexorre 
Manager, Cermet Research 
Firth Sterling, Inc. 
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SIMPLEX Ferrochrome 


the most economical grade 
of low-carbon ferrochrome 
eoefor any use 


Are you taking advantage of the savings possible 
with ELECTROMET’S SIMPLEX Ferrochrome? 


ANALYSIS SIMPLEX” NO. 1 ALLOY | ‘“SIMPLEX’’ NO. 2 ALLOY 
Chromium 63 to 66°, 63 to 66°, 
Silicon 5 to 7%, max. 1.00% 


Less than 
0.01% Carbon Carbon max. 0.010 or 0.025%| max. 0.0257, 


“Simplex” No. 1 alloy with 0.025 per cent carbon max. and “Simplex” No. 2 alloy are available 
in nitrogen-bearing grades containing 2 per cent or 5 per cent nitrogen. 


CHECK THESE ADVANTAGES: For additional information please contact the near- 
ELECTROMET’s “Simplex” alloy is the lowest est Erecrromet office. Ask for the E:ecrromer 
priced low-carbon ferrochrome. booklets entitled, “Melting Low-Carbon Stainless 
Steel” and “Reducing Period in Stainless Steel 
Melting.” They show the advantages that can be 
The alloy is suitable for producing all obtained in producing low-carbon stainless steel 
grades of stainless steel. with “Simplex” ferrochrome. 


The carbon content is extremely low. 


The terms “Electromet” and “Simplex” are registered trade-marks of Union Carbide and Carbon Corporation, 


ELECTRO METALLURGICAL COMPANY 


A Division of Union Carbide and Carbon Corporation 


30 East 42nd Street [dg New York 17. N. Y. ; 
OFFICES: Birmingham Chicago Cleveland Detroit 
Houston © Los Angeles * New York © Pittsburgh © San Francisco 4 


In Canada: Electro Metallurgical Company, Division TRADE MARK 


of Union Carbide Canada Limited, Welland, Ontario 4 
Ferro-Alloys and 
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Personal Mention 


Col. A. W. Sikes 


Colonel ALrnep W. Sixes @ has 
retired from the Chemical Corps, 
U.S. Army Reserve, shortly after re- 
ceiving the Armed Forces Reserve 
Medal for more than 30 years’ serv- 
ice in the U.S. Army and active 
reserve. 

After graduation from high school 
in 1917, young Sikes entered the 
Army and served for one year. In 
1920 he joined the Western Elec- 
tric Co, in Chicago, leaving there 
after one year, but returning in 1922 
to become a chemical and metal- 
lurgical engineer in the development 
branch of the Western Electric 
Hawthorne plant. During these 
years, he attended Lewis Institute 
evening school (where he later 
served as head of the school’s eve- 
ning metallurgy classes), Colonel 
Sikes graduated from the University 
of Illinois in 1926 and two years 
later received his Master's degree 
from Carnegie Institute of Tech- 
nology, where he was a research 
fellow in metallurgy. 

In 1933 he became senior chem- 
ical and metallurgical engineer for 
the Public Works Administration in 
Washington, D. C., and Chicago, 
advising on engifieering materials 
and general engineering problems. 

A reserve commissioned officer 
since 1924, Colonel Sikes was re- 
called to active duty in 1940 and 
spent the war years in the Chemical 
Corps in the Mediterranean theater. 
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He was discharged in 1946 with the 
rank of colonel in the Chemical 
Corps reserve. Since his discharge 
he has been a specification engineer 
with the Chicago Park District. 

Colonel Sikes is a member of 
several technical organizations. He 
is a past chairman (1933) of the 
Chicago Chapter of @, and the first 
president of the Chicago Chapter 
of the Construction Specifications 
Institute. 


John S. Marsh 


John S. Marsh @ has been named 
manager of research, Bethlehem 
Steel Co., Bethlehem, Pa. 

After graduation from Pennsyl- 
vania State University in 1927 and 
a year of graduate study, he began 
his professional career in the engi- 
neering department of the Alu- 
minum Co. of America, In 1930 he 
left to join the Engineering Founda- 
tion in New York as a metallurgist. 
During his 12 years as metallurgist 
and editor for the Foundation, Mr. 
Marsh worked on the “Alloys of 
Iron” monographs, and is the author 
of several of the volumes. In addi- 
tion to this position, he served as 
adjunct professor of physical chem- 
istry and metallurgy at Brooklyn 
Polytechnic Institute (1939 to 
1942) and as a lecturer at Stevens 
Institute of Technology (1941 to 
1942). 

In 1942 Mr. Marsh came to Beth- 
lehem Steel as a research metallur- 


gist, holding this position until 1953 
when he was named assistant man- 
ager of research. 

In recognition of his contributions 
to his field, Mr. Marsh has been 
honored several times. The Hunt 
Medal of the American Institute of 
Mining, Metallurgical and Petro- 
leum Engineers was awarded him 
in 1950 and the American Iron and 
Steel Institute Medal a year later. 
He also received the Stoughton 
Award “for outstanding contribu- 
tions to metallurgy” from the Lehigh 
Valley Chapter of the American 
Society for Metals. Last year Mr. 
Marsh was the Howe Memorial 
lecturer for A.I.M.E. 

Mr. Marsh belongs to numerous 
technical societies and government 
committees. He served as chairman 
of the New York Chapter @ in 1938 
and was chairman of the Iron and 
Steel Division of the A.I.M.E. in 
1954. 


Bernard W. Wittig @ has joined 
the B. & W. Precision Heat Treating 
Co., Kitchener, Ont., as works man- 
ager. Mr. Wittig formerly spent 11 
years as a metallurgical engineer 
with the Morrow Screw & Nut Co. 


Earl C. Beatty @ has been named 
chief metallurgist at the Halethorpe, 
Md., extrusion works of the Kaiser 
Aluminum and Chemical Corp. Prior 
to joining Kaiser Aluminum a year 
ago, Mr. Beatty had been associated 
with the U.S. Bureau of Mines for 
10 years. 


John E. Chard @ has joined the 
staff of the International Nickel Co.’s 
Bayonne, N. J., research laboratory 
as a mechanical engineer. A native 
of England, Mr. Chard came to 
North America in 1953 to take the 
position of chief metallurgist at the 
Canadian Armament Research and 
Development Establishment, Que- 
bee, and held this position until his 
recent appointment. 


John A. Whitehead @ was re- 
cently appointed to the newly cre- 
ated position of product service 
engineer for the Park Alloy and 
Carbon Div., Crucible Steel Co. of 
America, Pittsburgh. An employee of 
Crucible since 1953, Mr. Whitehead 
formerly was a metallurgist at the 
Park Works. 
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5 PECIMEN 


@WILSON Diamond “‘Brale’’ Penetrators 
are precision ground under high magnifi- 
cation to assure mathematical and micro- 
scopic accuracy. Each is standardized on 
test blocks and rigidly inspected at the 
WILSON Standardizing Laboratory. 

Because of this meticulous attention 
to manufacturing detail, wiLson Dia- 
mond “Brale”’ Penetrators provide the 
extreme accuracy demanded of an instru- 
ment where the difference between a sin- 
gle degree of “ROCKWELL” reading is but 
0.00008" penetration. 

Special ‘‘Brale’’ Penetrators are avail- 
able for testing unique areas— the pitch 
line of gears, for instance, or high tem- 
perature testing. N ‘‘Brale’’ Penetrators 
are supplied for use with WILSON “‘ROCK- 
Superficial Testers. 

A WILSON expert on hardness testing is 
never more than a few hours away. Prompt 
WILSON service guarantees top perform- 
ance [rom WILSON equipment. 


“Trademark registered 


Wilson Diamond 
“Brale”* Penetrators 


A Minor load penetration N 
B Major load penetration 


C Linear measurement 
of penetration increase 


To be 

SURE 

of your 
ROCKWELL* 
hardness test 


use only a 
WILSON “BRALE” Penetrator 


€O Wilson Mechanical Instrument Division 


AMERICAN CHAIN & CABLE 


A FULL LINE 

TO MEET EVERY 
HARDNESS TESTING 
REQUIREMENT 


230-F Park Avenue, New York 17, N. Y. 


Personals . . . 


P. B. Kline @ has been named 
manager, stainless steel, at the Edg- 
comb Steel Co., Philadelphia. Mr. 
Kline came to Edgecomb six years ago 
from the rustless division of Armco 
Steel Corp., and until his recent 
appointment served as product man- 
ager, stainless steel sales. 


Robert K. Wawrousek @ was pro- 
moted to chief metallurgist of the 
Parish Pressed Steel Div. of the Dana 
Corp., Reading, Pa. Mr. Wawrousek, 
who has been with Parish for seven 
years, formerly served as assistant 
metallurgist. 


Jack D. Ramsdell @ is now a phy- 
sical metallurgist in the rare and 
precious metals experimental sta- 
tion, U.S. Bureau of Mines, Reno, 
Nev. Prior to this position, Mr. Rams- 
dell was a metallurgist at the U.S. 
Naval Ordnance Test Station, China 
Lake, Calif. 


Mervin S. Allshouse Jr., @, for- 
merly project engineer with the 
Amplex Div., Chrysler Corp., De- 
troit, is now an engineer with the 
atomic power division of Westing- 
house Electric Corp., Pittsburgh. 


Kenneth M. Acton @, formerly 
assistant manager of the San Fran- 
cisco sales office of Crucible Steel 
Co. of America, Pittsburgh, has been 
named manager of the San Francisco 
sales office. Mr. Acton has been 
employed by Crucible since 1941. 


William Thomas Kluge @ has 
been assigned to Nagoya, Japan, as 
a production development laboratory 
specialist under the U.S. Air Force 
as part of the technical support pro- 
gram of North American Aviation, 
Inc., to Shin Mitsubishi Aircraft 
Plant. The Japanese company is 
building F-86F airplanes for the 
Japanese Air Self-Defense Force. 


Robert W. Sandelin @ recently 
graduated from the Birmingham 
School of Law and was admitted to 
the Alabama Bar. Dr. Sandelin is 
chief metallurgist and in charge of 
steel melting at the Connors Steel 
Div. of H. K. Porter Co., Inc., in 
Birmingham. In addition to this post, 
he also is a technical director for 
Alloy Metal Wire, a division of H. K. 
Porter Co., Inc., in Prospect Park, 
Pa., acting there as an advisor on 
metallurgical research and develop- 
ment activities. 
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Carbonitriding 
with Armour 
Ammonia 

is cleaner, safer, 
more economical 


than carburizing 
or liquid cyaniding! 


Reduces distortion, imparts resistance 
to rusting and corrosion, produces 
cases of outstanding uniformity! 


Carbonitriding results in a minimum of distortion 
because it permits lower operating temperatures and 
less severe quenching. The increased hardness it pro- 
duces offers greater resistance to rusting and cor- 
rosion, and often permits substitution of plain carbon 
for alloy steels. 

Carbonitriding is readily adaptable to mass pro- 
duction methods. Lower operating temperatures re- 
duce furnace maintenance costs. Simplified washing 
and cleaning operations make working conditions 
cleaner and safer. 

Our Technical Service Department is equipped to 
handle and answer any problems arising with am- 
monia installations for metal treating. Send today 
for free booklets offered at right. If your problems 
are unusual or pressing, write, giving full details. 


Save money on our tank 
truck delivery service! 


"CLIP AND MAIL THIS TODAY! 


Please send me free booklets which | have checked: 


“Ammonia Cylinder installations for Metal Treating” 


“The Role of Water Vapor and Ammonia in Case 
Hardening Atmospheres" 


“Case Hardening of Steel by Nitriding” 
“A Survey of industrial Carbonitriding Practice” 
“Investigation into the Carbonitriding of Plain Carbon Steel” 
“The Carbonitriding of Alloy Steels” 

Tank truck service information 


00000 OO 


Title 


City Zone Stote 


Armour and Company © 1355 West 3ist Street © Chicago 9, Ml. 
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A HEAD START 


IN STEEL SHOT 


QUALITY 


Steet SHOT 


PRODUCERS, 
wis, 


Pioneered in 1948, and backed by over 60 years’ 
experience in the manufacture of abrasives, Tru- 
Steel Shot was the original High-Carbon Fully 
Heat-Treated Steel Shot of Tool Steel Quality! 


Tru-Steel, and only Tru-Steel, has the head start 
in experience, in manufacturing know-how, in 
years of solving steel shot blasting problems! 


Every heat of Tru-Steel is laboratory tested and 
controlled to the exacting standards of fine steel 
making! 


Only in Tru-Steel are found the combined char- 
acteristics that have been sought for years in 
metal abrasives — super toughness for resistance 
to breakage and proper hardness for fast, thor- 
ough surface-bright cleaning. 


And Tru-Steel is now packaged in 50-lb. double 

burlap bags — the finest packaging ever devised 
¢ for metal abrasives — lighter, easier to handle, 
@ easier to stack, not slippery like slick, hard- 
surfaced cardboard cartons. 


‘THERE'S ONLY ONE 
 TRU-STEEL 
Manufactured by 


STEEL SHOT PRODUCERS, Inc. 
Butler, Po. 


Personals . . . 


Leonard R. Kohan @ has left his 
position as senior electroplating en- 
gineer with Bell & Howell Co., Chi- 
cago, to accept a position in the 
electrochemical section of the metals 
department, Armour Research Foun- 
dation, Chicago. 


R. O. Peterson @ was recently 
elected vice-president, brush division 
— engineering, Osborn Mfg. Co., 
Cleveland. Mr. Peterson has been 
with Osborn since 1936, joining the 
company as technical department 
manager. 


Robert T. Howard @ has joined 
the staff of the James W. Weldon 
Laboratory, Kansas City, Mo., as di- 
rector of the recently expanded met- 
allurgical laboratory facilities. Dr. 
Howard was formerly staff engineer 
at Bendix Aviation Corp., Kansas 
City, Mo. 


Ernest Peters @ has been pro- 
moted from senior laboratory tech- 
nician to engineer at Atomics Inter- 
national, Los Angeles. 


Joseph Kozol @, a recent grad- 
uate of Case Institute of Technology, 
has entered the U. S. Army as a 
second lieutenant in the Signal Corps 
for six months training. 


William F. Anderson @ has been 
appointed office manager for the 
Solar Steel Corp.’s Nashville, Tenn., 
plant. Mr. Anderson previously had 
been manager of orders and pur- 
chasing for the Osco Steel Co., 
Cleveland. 


Charles E. Brown @ has been ap- 
pointed executive vice-president of 
Chemstone Corp., Cleveland. For 
the past 20 years Mr. Brown has 
held various positions in the Min- 
erals & Chemicals Corp. of America, 
the parent company of Chemstone, 
and most recently served as adminis- 
trative assistant to the president of 
Minerals & Chemicals. 


W. B. Brooks @ was recently 
promoted to senior metallurgist in 
the electrochemical engineering de- 
partment of the Freeport, Tex., di- 
vision of Dow Chemical Co. Joining 
the Texas division in 1948, Mr. 
Brooks was assigned to electrochem- 
ical engineering as a research and 
development engineer, holding that 
position until his recent appointment. 
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CHASE BRASS & COPPER CO. Dept. MP-856 
Weterbury 20, Conn. 


Gentlemen: 


Please send me your free 192-page Buyers Stock 
Book and Catalog No. 56. 


FIRM... 
ADDRESS_ 


cITy STATE 


qNEW EDITION! 
ror merat ment 


192 pages of illustrations and listings of 
a variety of products...sizes...weights... 
tempers...shapes! 


Here's the latest enlarged edition of a 
handy desk-sized book you'll use all year 
‘round! It lists the brass, copper, bronze 
and stainless steel mill forms carried in 
Chase warehouse stocks—ready for quick 
shipment to you! 


Everything about it is designed to save 
you time, from its thumb-indexing to a 
headache-saving how-to-order section. 


Comes to you free from Chase. Get your 
copy by filling out and mailing the cou- 
pon above. Do it today! 


CONTENTS INCLUDE: 


@ Grass, copper, bronze, stainiess steel! rod, bar, 


sheet, strip, wire, tube, pipe, angies, channels. 
@MISCELLANEOUS ITEMS, TOO—boite, nute, 
washers, rivets, burs, nalis, tacks, screws, cotter 
pins, bearing bronze, copper roofing products, 
® wire cloth, insect wire screening, etc. 


BRASS COPPER CO. 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 
The Nation's Headquarters jor Brass, Copper and Stainless Steel 
Atianta Baltimore Boston Charlotte Chicago Cincinnati Cleveland Dallas Denver Detroit Grand Rapids Houston indianapolis Kansas City,Mo. Los Angeles 
Milwauk M polis Newark New Orleans New York Philadelphia Pittsburgh Providence Rochester St.Louis Sanfrancisco Seattle Waterbury 
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Personals . . . 


A. H. Lewis @ has been ap- 
pointed manager of toolsteel sales 
for Crucible Steel Co. of America, 
Pittsburgh. Mr. Lewis was a mem- 
ber of the sales staff of Crucible for 
a number of years, but in 1954 left 
the company to join Vacuum Metals 


oY CONTROLLED — Corp., Syracuse, N. Y., as sales man- 


ager. He held this position until his 


ATMOSPHERE | new appointment. 


W. B. F. Mackay @ has joined 


BATCH-TY PE the metallurgical service department 


of Atlas Steels Ltd., Welland, Ont. 
FURNAC FS um Before coming to Atlas, Dr. Mackay 
was assistant professor of metal- 
: : 7 lurgical engineering at the Univer- 

sity of Minnesota. 


James J. Curran @, after 20 years 
with the Walworth Co., New York, 
has retired to become an assistant 
professor in the department of metal- 
lurgical engineering at the School of 
Mines of the University of Pitts- 
burgh. Mr. Curran also plans to de- 
vote a portion of his time to general 
metallurgical and foundry consulta- 
tion work. 


William E. Shenk @ has been ap- 
pointed director of electrical engi- 
neering of the McKay Machine Co., 
Youngstown, Ohio. Mr. Shenk first 
came to McKay in 1950 as an elec- 


CAPACITY trical engineer. 


THE PRICE FOR Rupert E. Key @, formerly a ma- 


terials and process engineer with 
PROCESS YOUR Jost Lockheed a. Burbank, 
Calif., is now a welding engineer in 
the fabrication laboratory, develop- 
Regardless of capacity, price or degree of mechanized operation ment shop section of the Army Bal- 
you may require, each of these furnaces has DOW'S exclusive listics Missile Agency, Redstone 
built-in generator end other outstanding DOW features that insure Arsenal, Huntsville, Ala. 
high quality work at lowest cost. Richard H. Haupt @ resigned as 


research metallurgist with the Glenn 
Every DOW furnace is designed with controlled furnace pressuriz- L. Martin Co., Baltimore, Md., to 


ing, controlled quench oil circulation, and controlled atmosphere become a project engineer at Hunter 
circulation . . . all proven advantages that mean cleaner stock Engineering Co., Riverside, Calif. 
+ +» uniform hardness . . . minimum distortion. Frederick H. Meng @ is now as- 
Write for detailed literature. sistant superintendent, no. 1, 2, 3 
seamless hot mills, National Tube 
Div., U. S. Steel Corp., Lorain, Ohio. 
An employee of the Lorain division 
since 1933, Mr. Meng last held the 


Fern” post of assistant chief metallurgist. 
WITH 

MECHANIZED, BATCH- Martin L. Anderson, jr. @, re- 
TYPE, CONTROLLED cently released from the U. S. Air 


12045 Woodbine Ave., Detroit 28, Mich. QATMOSPHERE FURNACE Force, is now an application engi- 
Phone: KE 12-9100 neer with Ingersoll-Rand Co., Bir- 
mingham, Ala. 
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No wrinkles ... no checks... no cracking 


Yes, Youngstown Sheets and Strip have exactly the right combina- 
tion of tensile strength, ductility and surface finish to form perfectly 
in your presses. 

And just as important, they have the uniformity of quality that 
enables you to run even the most difficult part hour after hour with- 
out jam-ups and with a minimum of rejects. 

The Youngstown District Sales Office near you is there to help you. 
Get in touch with us whenever we can be of service. 


COLD ROLLED 
SHEETS 
AND STRIP 


THE YOUNGSTOWN SHEET AND TUBE COMPANY 


General Offices Youngstown, Ohio District Sales Offices in Principal Cities. 


SHEETS - STRIP - PLATES - STANDARD PIPE - LINE PIPE - OIL, COUNTRY TUBULAR GOODS ~- CONDUIT AND EMT - 
MECHANICAL TUBING - COLD FINISHED BARS - HOT ROLLED BARS - WIRE - HOT ROLLED RODS ~- COKE 
TIN PLATE - ELECTROLYTIC TIN PLATE - BLACK PLATE ~- RAILROAD TRACK SPIKES - MINE ROOF BOLTS 
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"PART OF AUTOMATION” 
AUTOMATIC HEAT TREATING 


Up to 1000 Ibs. of BOLTS 
per hour.... 


Bolts, screws, precision machine parts, nuts, rings, 
pins and anything requiring heot treating in oa 
positively controlled atmosphere con be avto- 
matically hardened and tempered in the — 


AGF ROTARY RETORT 
Heat Treating Furnace 


MAINTENANCE cost is negligible. 

50 YEARS OF PROVEN SERVICE. 
ABSOLUTELY SAFE. No operator danger. 
EASY TO OPERATE. “Push Button” control. 
COMPLETELY OUTDATES other methods. 
CLEAN HARDENS without mess and dirt. 
DEPENDABLY UNIFORM HARDENING. 
COMES IN SEVERAL SIZES of furnaces. 


FACTORY TRAINED REPRESENTATIVES 
in principal industrial areas. 


“PIONEER 


AGF Rotary Retort Heat 
Treating and Tempering 
Furnaces are used by most 
of the large and small pro- 
ducers of precision metal 
products because AGF 
originated the rotary fur- 
nace that constantly ro- 
tates the work and pre- 
vents “contact spots.” 


spiral carries the work 
through the retort and into 


t's the positive way to 
accomplish perfect harden- 
ing—automatically. 


Ask AGF Metallurgists and 
Engineers for a recommen- 
dation. There's no obli- 
gation. 


Inventors, 
Designers and 
Builders of 
Industrial Heat 


Tempering 


1878.” 


Treating and Gas 


Equipment since 


1002 Lafayette St., Elizabeth 4, N.J. 


Please send us your latest literature illustrating 


and describing AGF Rotary Furnace. Our applica- 
tion will be. 


Company Name 


| 

| 

| Address 
| 

| Individual 
| 


Title 


Personals . . . 


Russell C. Buehl @, formerly chief 
of the Bureau of Mines’ pyrometal- 
lurgy laboratories in Pittsburgh, has 
joined the staff of Rem-Cru Titan- 
ium, Inc., Midland, Pa. Dr. Buehl 
will study and develop new melting 
techniques for titanium alloys. 


William H. Kinney @ is now 
assistant to the vice-president, opera- 
tions, for Kaiser Steel Corp., Oak- 
land, Calif. Mr. Kinney was pre- 
viously resident metallurgist for the 
company, engaged in customer con- 
tact work in northern California and 
the company’s sales and metallurgi- 
cal departments and operating di- 
visions. 
Charles R. Funk @ has been 
named manager of metallurgy and 
engineering of Alco Products, Inc., 
Latrobe, Pa. Mr. Funk, who joined 
Alco in 1942, last held the position 
of chief metallurgist. 


John R. Bedell @ is now senior 
engineer in the fuel element de- 
partment, nuclear engineering di- 
vision of the Glenn L. Martin Co., 
Baltimore, Md. Mr. Bedell was pre- 
viously associated with the Sylvania 
Electric Products, Inc. 


James I. Barbier @ was recently 
assigned as a magnesium salesman 
for the Dow Chemical Co. at the 
Camden, N. J., sales office. 


Robert P. Jensen @ has been ap- 
pointed district manager of the 
newly created Boston district office 
of Kaiser Aluminum & Chemical 
Sales, Inc. 


Donald B. Evans @, formerly a 
student at Massachusetts Institute of 
Technology, is now a second lieu- 
tenant in the 18th Engineer Bat- 
talion (Combat), U. S. Army, sta- 
tioned in Kassel, Germany. 


Robert F. Meyers @ is now han- 
dling sales and engineering on color 
anodizing for Planetary Chemical 
Co., St. Louis, Mo. Mr. Meyers is 
also concerned with magnesium 
treatments and other special metal 
finishing applications. 


Robert J. Rowe @, a recent re- 
cipient of a Ph.D. degree from 
Michigan State College, is now as- 
sociated with the metallurgical lab- 
oratory of the Dow Chemical Co., 
Midland, Mich. 
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Shaker hearth furnaces automatically 
dump parts into Shell Voluta Oil 23, 
then remove and drain them. 


AUGUST 1956 


SHELL 
VYOLUTA 
OIL 23° 


“The right quench oll for our work is 


says Gariand Wilcox, Chief Metailurgist 


WaAtace BARNES COMPANY and steel 
springs have “gone together” for nearly a 
century. Most of today’s output is in 
SAE 1075 or 1095 steel. 

Because the quenching operation is so 
important to the life of springs, the Wallace 
Barnes laboratory decided to test its regu- 
lar quenching oil against some of the newer 
products, including Shell Voluta Oil 23. 
This is what they found: 

Shell Voluta Oil 23 showed a superior 
quench rate, with correct hardening and 
relative freedom from distortion. It drained 
more rapidly from the quenched parts, re- 


Wallace Barnes Co., Bristol, Conn. 


...the story of a profitable change 


ducing dragout loss, It washed off more 
completely in the alkaline cleaner; it re- 
duced flaming, and cut down on the oil 
baked to parts. 

Wallace Barnes reports that this oi] has 
almost eliminated trouble with “‘slack- 
quenched parts,’’ and that heavier stock 
now goes through without special handling. 
So... Shell Voluta Oil 23 has replaced the 
former quench oil in all tanks of the spring 
hardening departments, serving salt pot 
lines and shaker hearth furnaces. 


We'll be glad to provide full information 
on Shell Voluta Oil 23. 


WALLACE BARNES CO. 


Flat springs at austenitizing tempera- 
Voluta 
23. 


SHELL OIL COMPANY 


50 WEST SOTH STREET, NEW YORK 20, NEW YORK 
100 BUSH STREET, SAN FRANCISCO 6, CALIFORNIA 


Barnes Co. 


Over 35,000 prints of production items 
like these are kept on file at Wallace 


A division of Associated 
je) 
» 
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USTOM-BUILT 


ARTIN furnace shown is advanced in basic design, yet 
embodies many time-proven features that were important 


to the production requirements of our customer... 
a prominent producer of brass bar stock. 
‘. Electrically heated roller hearth type, it conveniently 


handles lengths of round bar stock ranging in diameter from 
M4" to 4”. Equipped with roof fans this MARTIN furnace ' 

maintains exceptional uniformity of temperature. This 

is another example of MARTIN’S ability to provide a 
modern furnace and still incorporate features unique 
to the requirements of the customer .. . without an 
appreciable increase in price or delay in delivery. 
Write us today for information on building a MARTIN 

advanced design furnace to meet your specific requirements. 


MARTIN 
ADVANCED DESIGNS IN 
ALL TYPES OF FURNACES 


industrial furnace division 


10 


eo. OETRONT 3, MICHIGAN 


Personals . . . 


Joao Gustavo Haenel @ has been 
elected a director of Companhia 
Siderurgica Paulista, Sao Paulo, 
Brazil. 


Emest F. Nippes @ is conducting 
a research program on the hot duc- 
tility of alloy steels at Rensselaer 
Polytechnic Institute. This research 
program was contracted by the 
metallurgical engineering depart- 
ment of the M. W. Kellogg Co., Jer- 
sey City, N. J. as part of an exten- 
sive research and development pro- 


_ gram to study the high-temperature 


behavior of different heat resistant 
steels. Dr. Nippes is director of weld- 
ing research at Rensselaer. 


Robert Wheeler @ has established 
his own business as a consultant in 
eastern Canada with headquarters in 
Ste. Foye, Que. Before coming to 
Canada two years ago, Mr. Wheeler 
was a consultant in the New York 
area for ten years. 


J. E. Rehder @, director of tech- 
nology of Canada Iron Foundries, 
Ltd., Toronto, has been appointed 
vice-president of the company. Mr. 
Rehder is also the recipient of the 
1955 Simpson Gold Medal from the 
American Foundrymen’s Society. 


Michael Lauriente @, recent re- 
cipient of a doctor of engineering 
degree from John Hopkins Univer- 
sity, is now with the air arm division 
of Westinghouse Electric Corp., 
Baltimore, Md. 


John B. Girdler @, formerly cor- 
poration sales manager of the Van- 
adium Corp. of America, New York, 
has been elected vice-president. Mr. 
Girdler will also fill the newly 
created position of general manager 
of sales. Roy F. Hancock @, as- 
sistant vice-president, has been 
named to head the Corporation's 
new sales promotion division. 
Howard H. Wilder ©, formerly iron 
foundry division manager, has been 
appointed assistant manager of en- 
gineering sales. 


Clee O. Worden @ has been ap- 
pointed sales representative for the 
Philadelphia district of the North- 
eastern Steel Corp., Bridgeport, 
Conn. Mr. Worden was alloy sales 
manager with the Horace T. Potts 
Co., Philadelphia, prior to his ap- 
pointment. 
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The gears in an automatic nut former have to be tough and _—_—why this gear for a Waterbury Farrel Automatic Nut Former 
strong to withstand heavy, varying loads. Yet, the castings is made from ASTM-50 gray iron with a nominal composi- 
from which they're made should be easy to machine. That's tion of 1% nickel and .50% molybdenum. 


Moly gives cast iron gears higher strength 
with toughness and good machinability 


“To insure a tough, easily machined gray iron for the 
gears in our Automatic Nut Formers,” says Henry C. 
Griggs, Metallurgist for Waterbury Farrel Foundry & 
Machine Co., “we specify 50°. molybdenum in our 
ASTM-50 material. The properties of this material con- 
tribute importantly to the reputation of Waterbury equip- 


ment for accuracy and high speed production under 
severe operating conditions.” 


CLIMAX MOLYBDENUM 


Molybdenum helps to give reliable and 
reproducible castings — very important 
factors in consistent performance of gears. 

Investigate moly irons. They may be 
the key to better performance in many 
of your gear applications. 

For the first two in a series of bulle- 
tins, “Why Moly Iron,” or for technical 
assistance, write Climax Molybdenum 
Co., Department 5, New York 36, N. Y. 


¥ 
Tew 
Use the 
Weer 


Machiaah 
* Economy 
Casting * Response to 
heat treatment 


jalled hott, 


Mixers, | neor 
low floor level. See diagram below, 
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How do you get uniform hardness in a 
cast steel gear weighing 7'/2 tons? 

The Falk Corporation (Milwaukee) 
does it with this king-size water quench 
tank, equipped with five 25-horsepower 
propeller-type LIGHTNIN Mixers. 

The gear is quenched at Wisconsin 
Steel Treating & Blasting Co. for The 
Falk Corporation, who engineered the 
process. 

To speed heat extraction, the Licut- 
NIN Mixers churn the water violently 
during quenching. The resulting turbu- 
lence constantly wipes and wets every 
square inch of the huge gear surface. 

Temperature of the gear drops from 
1600°F to 300°F—producing the de- 
sired hardness over the entire gear, 
which is 104% feet in diameter. 

“We are fully satisfied with LiGHTNIN 
Mixers for this important quenching 
operation,” says Edward J. Wellauer, 
Falk’s Assistant Chief Engineer. “The 
mixers were installed late in 1953 and 
have given us excellent results ever 
since.” 

Don’t let size keep you from getting 
better physical properties, greater tough- 
ness in quenched parts. You can im- 
prove hardness uniformity, reduce or 
eliminate warpage and cracking, re- 
treats and rejects—by quenching parts 
as small as a lock washer, as big as a 
105mm gun barrel, with LIGHTNIN 
Mixers. Write us today for facts on 
LiGHTNINs that will give you the results 
you want. 


MIXING EQUIPMENT Co., Inc. 
171-h Mt. Read Blvd., Rochester 11, N. Y. 
in Canada. Greey Mixing Equipment, Ltd., 100 Miranda Ave., Torontol0, Ont, 


QUENCHED from 1600°F to 300°F, this 10'2-foot gear 
owes its uniform hardness to violent agitation of quench 
water by five propeller-type side entering LIGHTNIN 
of 12-foot-deep tonk, be- 


No soft spots in this 71-ton gear 


UNIFORM TURBULENCE in bath wipes 
vapor film rapidly from entire surface of 
gear, for maximum liquid contact ond 
best possible heat transfer conditions. 


SIDE ENTERING unit is one of many 
LIGHTNIN types you can get, in sizes 
from Ve to 500 HP. You can use LIGHTNIN 
Mixers for standard quenching, martem- 
pering, austempering; for batch or con- 
tinvous work; in new or existing quench 
tanks of any size and shape. 


Lohtain 
Mix 


John W. Harsch @, William C. 
Dunn @ and Ernest G. de Coriolis 
@ have been awarded the Trinks In- 
dustrial Heating Award for their 
contributions to the science of in- 
dustrial heating. Mr. Harsch is di- 
rector of engineering of Leeds & 
Northrup Co., Philadelphia. Mr. 
Dunn, founder of the Ohio Crank- 
shaft Co., Cleveland, is chairman of 
the board of that company. Mr. de 
Coriolis has been director of research 
and development of the Surface 
Combustion Corp., Toledo, Ohio, 
for 30 years. 


Edwin A. Gee @, formerly man- 
ager of the technical section of the 
manufacturing division, E. I. du 
Pont de Nemours and Co., Wilming- 
ton, Del., has been appointed sales 
manager of pigment colors, pigment 
department, at Du Pont. C. Ivey 
Smith, Jr. @ has replaced Dr. Gee 
as manager of the technical section. 
Associated with Du Pont since 1946, 
Mr. Smith was formerly technical 
superintendent at the company’s 
Newport, Del., titanium plant. 


W. O. Binder @ is now assistant 
manager of the product and process 
development department of the 
Electro Metallurgical Co., a division 
of Union Carbide and Carbon Corp., 
Niagara Falls, N.Y. Mr. Binder 
has been associated with Electromet 
since 1936, first in the Metals Re- 
search Laboratories and more re- 
cently in the product and process 
department. E. R. Saunders @ has 
been named assistant to the manager 
and will be in charge of the product 
development laboratory. Mr. Saun- 
ders has been connected with the 
department since 1941. 


W. A. Mudge @ has been ap- 
pointed special representative on 
educational programs of the Inter- 
national Nickel Co. of Canada, Ltd. 
and its subsidiary, the International 
Nickel Co., New York. Dr. Mudge, 
who joined Inco’s Bayonne, N. J., 
research laboratory in 1920, was 
named director of the technical 
service section and research division 
in 1947 and held this position until 
his recent appointment. 


George Martin @ has accepted a 
job with the Chromizing Co., Los 
Angeles, as director of technical 
control. 
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Size is relative... 
but these stainless steel heads 
are big and heavy gauge in 
anyone's eyes. 

They are typical, too, 
of the unusual in 
Carlson service. 


When you want stainless 
steel plates, 


plate products, forgings, bars, 
and sheets (No. 1 Finish) 


come to your headquarters 
for service 


THORNDALE, PENNSYLVANIA 
District Bales Offices in Principal Cities 


| 
. 
| 
‘These foursem 
are made of Type 
side diameter: 74%". 
Gauge: 2.58" minimum. 
Weight: Each head 


in the | 


Inspection Department 


dy chek 


the dye penetrant 
flaw iocation method 


Turco has engineered and built many 
fully automatic and semi-automatic 
Dy-Chek systems for positive flaw 
location on the production line. 
Whether you need a production line 
system or a method of maintenance 
inspection, Turco will be happy to 
assist or advise. There is no obligation 
for this service. 


FOUR SIMPLE STEPS 

1, Clean surface, 

2. Apply Dy-Chek Penetrant. 

3. Remove excess Dye Penetrant with 
Dy-Chek Dye Remover. 

4. Apply Dy-Chek Developer. Flaws 


are revealed 


TuRCO PRODUCTS, Inc. 


Chemical Processing Compounds 
So. Central Ave., Los Angeles 1, Calif. 
Factories: Newark, Chicago, Houston, Los Angeles 
Offices in all Principal Cities 


FREE! 
Flaw 


Location 


The Turco Dy-Chek Flaw Location 
Manual thoroughly discusses every 
aspect of flaw location with dye pene- 
trants, Subjects covered include: 


1. How dye penetrants work and on 
what they may be used. 

2. Use in the plant and in the field. 

3. Use on the production line. 

4. Pre-cleaning. 

5. Methods of applying dye penetrant 
materials. 

6. Interpreting results. 

7, Re-working defective parts. 

To receive your copy, without cost or 


obligation, merely fill out the coupon 
below. 


Please affix coupon to company letterhead 


TURCO PRODUCTS, INC. 
6135 S. Central Ave., Los Angeles 1, Calif. 


CO Please have representative contact 
me to discuss flaw location with dye 
penetrants. 


(CD Please send free Flaw Location Manual. 


NAME 


TITLE 


Manufactured in Canada by 8. W. Deane & Co., Montreal 


Personals . . . 


Charles A. Mueller @ has been 
named plant metallurgist of the In- 
dustrial Steel Treating Co., Oakland, 
Calif. Mr. Mueller was formerly 
chief engineer at Western Rock Bit 
Mfg. Co., Salt Lake City, Utah. 


John T. Hodges @ is now assistant 
to the director, technical services 
division, Jones & Laughlin Steel 
Corp., Pittsburgh. Coming to Jones 
& Laughlin in 1949 as a metallurgi- 
cal investigator at the Cleveland 
Works, Mr. Hodges last held the 
position of contact metallurgist in 


the Pittsburgh plant. 
Leonard W. Kates @ has been 


named manager of commercial de- 
velopment for the atomic energy di- 
vision of Sylvania Electric Products, 
Inc., Bayside, N. Y. Since joining 
Sylvania in 1948 as an engineer in 
the advance development section of 
the metallurgical laboratory, Mr. 
Kates has served as head of the ad- 
vance development section and more 
recently as engineering manager of 
the atomic energy division. 


Mathew J. Donachie @ resigned 
as president of the Beryllium Corp., 
Reading, Pa., recently so that he 
could devote his entire efforts to his 
work as director of research and de- 
velopment for the company. Mr. 
Donachie had been president of 
Beryllium since 1952. 


George E. Rowan @ has joined 
the metallurgical service department 
of Atlas Steels Ltd., Welland, Ont. 
Mr. Rowan, an employee of Atlas 
since 1952, was formerly superin- 
tendent of the stainless strip and 
tube department. 


Arthur J. Williamson @ has been 
promoted to executive vice-president 
of the Tube Reducing Corp., Wall- 
ington, N. J. Mr. Williamson joined 
the company in 1951 as vice-presi- 
dent and prior to that was plant 
manager of the Carnegie, Pa., plant 
of the Summerill Tubing Co. 


William F. Burchfield @ has been 
appointed supervisor of technical 
service in the International Nickel 
Co.'s development and research di- 
vision. Mr. Burchfield has been with 
the Inco development and research 
division for 27 years, serving as as- 
sistant director of technical service 
since 1947, 
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Fast heating, high production soaking 
pits are a specialty of Salem-Brosius. 


Salem-Brosius has earned world-wide 
recognition for rotary hearth furnaces. 


For faster, more efficient heating 
or heat-treating furnaces, it pays 
to call on Salem-Brosius 


Throughout the entire metals industry, Salem-Brosius designed 
furnaces are doing an efficient, low-cost job of heating and heat 
treating. The hardening furnace shown above in cut-away scale 
drawing is typical of high production heat treating furnaces by 
Salem-Brosius. 

Gears, connecting rods, crankshafts and other critical forged 
parts are hardened in this type of furnace. Parts are heated to 
hardening temperature, soaked at this temperature for a controlled 
length of time and quenched—all automatically. Parts are also 
discharged automatically from the quench. This gas-fired, chain- 
belt, conveyor-type furnace is designed for high production, low 
maintenance and efficient operation—typical of all Salem-Brosius 
furnaces. Flexibility of time-temperature control reduces labor cost, 
assures product uniformity and permits variations of the heat- 
soak cycles. 

For any heat treating job—hardening, annealing, normalizing, 
aging, solution heat treating, and other forms—consult Salem- 
Brosius for the best in furnace equipment. 


CARNEGIE, PENNSYLVANIA 


_IN CANADA: SALEM ENGINEERING LTD. 


1525 Bioor STREET WEST TORONTO 9, ONTARIO 
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LE: - KO TUS, INC. 


bearing manufacturer 
gains over 300% higher yield 
with Vacuum Metals FERROVAC 


Because a leading manufacturer of precision instru- 
ment bearings worked to such exacting standards, he 
experienced an exceptionally high rate of rejection of 
finished parts. Then they tried Vacuum Metals 
FERROVAC®, .. of the same basic analysis as the 
air-melted grade used previously. The results were 
decisive. Rejections were reduced to less than 1% —a 
yield improvement of better than three times. 

That's to be expected from vacuum-melted alloys, 
because of their remarkable uniformity. Gases that 
cause inclusions and that in turn lead to rejection — 
or early bearing failure — are literally sucked from 
vacuum-melted alloys during production .. . before 
the metal becomes solid. 

The result is a clean alloy — with many of its prop- 
erties improved. It is stronger, tougher, far more 


resistant to wear and fatigue. It works longer and 
harder than conventionally-melted alloy — even does 
the super-tough jobs where nothing else will work. 

Only Vacuum Metals gives you one-source service 
— Vacuum Metals’ own large organization, and its 
affiliation with National Research Corporation and 
Crucible Steel Company of America, brings you a 
fully integrated service. It includes everything from 
melting and casting, through mill rolling and nation- 
wide distribution of finished products. If you have 
an application where you can use vacuum-melted 
metals — in experimental lots or production quantities 
— Vacuum Metals can serve you. Write us now, out- 
lining your requirements. Vacuum Metals Corporation, 
P. O. Box 977, Syracuse 1, New York. 


VACUUM METALS CORPORATION 


Jointly owned by Crucible Steel Company of America and National Research Corporation 
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Cincinnati Inductron 
does it in 1.7 seconds 


per piece 
- Work hardening from the drawing operation interfered with subsequent i 
operations, so these shells had to be fully annealed. Furnace heating in A 
mass did not produce the high uniformity of anneal required, and the pace . ; 


of production prohibited an increase in the heating time. 


The problem was presented to Cincinnati heat treating specialists, and they 
devised a low-cost method of heating the parts, individually, in a new 
15 kw *Cincinnati Induction Hardening Machine. A full anneal was pro- 
duced at 1200°F. in 1.7 seconds. An automatic work handling system 
delivers the parts at the required rate. 


If you have a selective surface hardening or part heating problem, talk to 
Cincinnati—builders of both Flamatic flame hardening and induction harden- 
ing equipment, Call in a Process Machinery Division field engineer. He is 
ideally equipped to evaluate your needs and give you unbiased recom- : 
mendations as to the most economical and efficient method. i 


7 


4 
Cincinnati Induction 
Hardening Machine, made in 30 kw ‘ f 
and 15 kw capacities. Power supply unit, left, can be placed in any ssa i 
convenient location. Fixtures and tooling are mounted on work unit, ; 
right. Bulletin M-1938 gives full details. Write for your copy. 
ction ™ 
| THE CINCINNATI MILLING MACHINE CO. 


CINCINNATI 8, OHIO, U.S. A. 


a 
How to fully anne” 
CINC 


Personals .. . 


A. F. Sprankle @ received the Re- 
gional Technical Meeting Award of 


| easiest way the American Iron and Steel Insti- 


tute in recognition of his outstanding 


to analyze technical paper on “The Effect of 


Deoxidation Practice and Hot Work 
Reduction on the Occurrence of 
® M ETAL Magnaflux Indications in E 4340 
Type Steel.” This paper was pre- 
SPECI Mi Ew. sented at the Philadelphia Regional 
Technical Meeting last fall. Mr. 
Sprankle is a metallurgical engineer 
in the steel and tube division of the 
j -ari Co., Cs 
All-ne comfort- sap Roller Bearing Co., Canton 
first design . . . 
? 3 C. C. Mathias @ has been ap- 
_ exclusive performance 


pointed area engineer in the fuel 
__ advantages ... make all element section of the Blairsville, 
Pa., metals plant of Westinghouse 
other metals microscopes, gph 
: Electric Corp. Mr. Mathias was 

obsolete! formerly staff metallurgist in the 
pow” engineering department of the New 
Holland Div., New Holland, Pa., of 
Sperry-Rand Corp. 


Morris J. Sanderson @ has been 
transferred from the Hanford Atomic 
Products Operation of the General 

— : Electric Co., Richland, Wash., to 
METALLURGICAL the Commonwealth Edison Project, 
Atomic Power Equipment Dept. of 


MICROSCOPES General Electric in San Jose, Calif. 


Harold Hessing @ has left the 
Navy Bureau of Aeronautics to ac- 
cept a position as metallurgy liaison 

NEW EASE! Your hand rests on table specialist with the advanced ma- 
for effortless precision focusing and mechanical terials studies operation of the Spe- 
stage control. Binocular eyepieces inclined at cial Defense Projects Dept., General 
comfortable viewing angle. You remain relaxed, | Electric Co., Philadelphia. 
fatigue-free throughout prolonged examinations. Charles M. Offenhaver @ has 
NEW SPEED! Ball bearings and rollers quickly float the microscope into 
tories, Electro Metallurgical Co., a 


NEW ACCURACY! Pressure-loaded ball bearings assure lifelong centra- division of Union Carbide and 
tion of Roto-sphere nosepiece, for identical repeat settings. Balcote anti- Carbon Corp., Niagara Falls, N. Y. 
reflection coated objectives provide vivid, detailed images for depend- Offenhauer has been associated with 
able analyses. Electromet since 1940 and last held 
NEW VERSATILITY! Monocular tube, for photomicrography and measur- | '" _ of assistant manager, re- 
ing, readily interchangeable with binocular body. Choice of vertical or pareas 

transmitted illumination. Optional mechanical stage. Horace Pops @ has been awarded 
a $500 Metal Powder Association 


FREE scholarship in powder metallurgy. 
The Metal Powder Association es- 


See the difference! Feel the difference! Prove tablished this scholarship last year to 
for yourself how exclusive B&L advantages : 


help you do encourage _cngmecrng students to 
BAUSCH G& LOMB easily. specialize in powder metallurgy in 
rea WRITE, WIRE or PHONE today for demon- order to help fill the need for trained 
On, personnel in this field. Mr. Pops is a 
= : New York. (Phone: LOcust 3000) junior majoring in metallurgical en- 
gineering at Rensselaer Polytechnic 

AMERICA'S ONLY COMPLETE OPTICAL SOURCE Institute 
FROM GLASS TO FINISHED PRODUCT - 4 
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How Belden utilizes two Kemp 
Generators in annealing copper wire 


Annealing copper wire necessitates cooling 
in an oxygen-free atmosphere to prevent 
harmful oxidation. For the required pro- 
tective atmosphere in this process, the 
Belden Mfg. Co., Chicago, Il., generates its 
own inert gas. But the generating equip- 
ment formerly used by Belden did not 
operate reliably . . . results were erratic. 
So Belden installed two Model MIHE 
Kemp Inert Gas Generators to handle 
this important job. 
And Kemp Handles the Job 

These two Kemp units assure Belden of a 
dependable inert supply. They deliver a 
more constant flow at the rated pressure 
. » » have been operating smoothly and 
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satisfactorily since installation. Kemp's 
ability to produce a chemically clean inert 
at a specific analysis regardless of 
demand eliminates the danger of fluctua- 
tion at a critical stage. 


Kemp Units Engineered for Service 
Like Belden, you specify reliability when 
you specify Kemp. Every Kemp design 
includes the Kemp Industrial Carburetor 
for complete combustion without tinkering, 
without waste . . . for simplified installation 
and maintenance. Every Kemp design 
includes the very latest fire checks and 
safety devices. Annealing, hardening, sint- 
ering—whatever your problem, find out 
today how Kemp engineers can help you. 


We Me 


For more complete facts and technical intor- 
mation, write for Bulletin |-10 to: THE C. M. 
KEMP MPG. CO., 405 East Oliver Street, 
Baltimore 2, Md. 


case No .61 
plant is enclosed in wire 
cage to prevent tampering 
with controls. 
EMP | INERT GAS GENERATORS 
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Welding Aluminum 
and Its Alloys 


Digest of “Researches Into 
the Welding of Aluminium and 
Its Alloys”, by W. I. Pumphrey, 
Aluminium Development Assoc., 
Research Report No. 27, 1955, 
59 pages. 


HE INDUSTRIAL use of aluminum 

and its alloys could be increased 
if weldability were improved. Many 
of these alloys are hot short, and 
crack during welding. Another kind 
of cracking occurs while the weld- 
ment is being cooled after welding. 
In addition, gas entrapped during 
welding can cause porosity and sur- 
face blisters. 

Two tests are used to measure 
crack sensitivity of aluminum alloys. 
In the “ring-casting” test, the molten 
alloy is poured into a preheated cast 
iron mold to form a ring 2K%-in. OD 
and 1%-in. ID. In the “restrained- 
weld” test, two 0.080 X 4 X 5-in. 
specimens are clamped in a jig and 
butt welded under conditions of total 
restraint. The latter test was de- 
signed for oxy-acetylene weldments 
but is also used for metal-are and 
argon-are weldments. Both tests are 
rated in terms of visible crack length 
on the surface of the specimen. Ke- 
sults from castings and weldments 
are comparable. 

The factors which cause hot short 
cracks are related to those which 
cause cracks during cooling because 
of the stress-concentrating effect of 
interdenritic fissures. Such factors 
include everything that modifies the 
course of solidification. They are 
directly related to dendritic growth 
and to entrapment of eutectic phases 
which are controlled by: 

1. Chemical composition. 

2. Solidus-liquidus temperature 
range. 


3. Welding speed, degree of su- 
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perheating, thermal conductivity and 
rate of cooling. 

4. Thermal expansion, conditions 
of restraint, size and shape of the 
specimen. 

Chemical composition has a 
marked influence on crack sensitiv- 
ity. The effect of silicon is most pro- 
nounced; crack sensitivity increases 
with silicon content up to approxi- 
mately 0.7 to 0.8% and then de- 
creases sharply. A similar pattern 
is shown by copper with the maxi- 
mum at approximately 2 to 4%. Mag- 
nesium and manganese also show a 
fairly pronounced maximum, but 
changes in iron content have little 
effect. 

Cracking in the restrained-weld 
test was much less when using puri- 
fied argon atmospheres. Porosity and 
surface blisters result from (a) traces 
of hydrogen, water and hydrocar- 
bons, (b) oxygen contamination ex- 
ceeding 0.3% and (c) nitrogen con- 
tents exceeding 1%. 

C. A. ZAPFFE 


Springback Control 
in Bending 


Digest of “Springback in 
Metal-Forming”, by Federico 
Strasser, /ron & Steel, Vol. 27, 
June 1954, p. 235-236. 


Gramosace is a well-known phe- 

nomenon exhibited by most 
metals to varying degrees in form- 
ing or bending operations. Briefly, 
it is the refusal of a piece of metal 
to retain completely the shape given 
it by a forming tool (die), once 
pressure is released. 

Springback is governed by many 
factors. The most important are com- 
position and mechanical properties 
of the metal, thickness, and size of 
the inner bend radius. Secondary 
influences include the direction of 


rolling on the metal with relation 
to the direction of forming, die open- 
ing, setup of the forming tool, clear- 
ance and alignment, bottom position 
of the press-ram stroke and speed of 
the stroke. 

It is impossible to predict the 
amount of springback with any de- 
gree of accuracy. An empirical meth- 
od is to test any new material with 
an exisiting bending die that has 
been used for another alloy. Appear- 
ance of formed samples of the two 
metals gives a good measure of the 
“springback index” of the new ma- 
terial. 

The common methods used to 
compensate for springback in bend- 
ing include overbending, restriking 
and heating the stock. Overbending 
is the simplest and is used most 
often. The difference between the 
tool angle and required angle must 
be exactly equal to the springback 
angle and this can be determined 
only by actual trial. 

Two methods have been devised 
for bottoming work pieces in the 
bending zone by overworking the 
metal and destroying residual elas- 
ticity. One is to shape the punch 
with a small projecting piece or pro- 
tuberance at the inner bend radius. 
The other is to make the punch with 
a slightly smaller angle than that of 
the female die opening and machine 
a radius at the root of the die open- - 
ing. This results in a slight coining 
of the metal in this zone. Both tech- 
niques affect the structure of the 
worked metal adversely. 

Heating the blanks prior to bend- 
ing greatly reduces springback. How- 
ever, this method is slow, difficult 


. to control precisely and is more 


costly than cold bending. 

While right-angle bends are the 
most common, springback is also 
encountered in other types of shap- 
ing. The same corrective measures 
are used for square-U forming as for 
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Here's why... 


Mason, Shaver & Rhoades, Inc. 
East McKeesport, Pa. 


wed DESEGATIZED 


Olympic 


DIE STEEL 
for this die 


a 


Eight-station progres- 
sive die made from 
Olympic FM by Mason, 
Shaver & Rhoades, Inc. 
Die is used to produce 
mounting brackets for 
lighting fixtures from 
.041 cold rolled steel. 


@ Latrobe's Olympic FM high carbon-high chromium die steel has consistently produced superior 
machined finishes, lowered die production costs, and resulted in longer production runs than 
comparable type die steels. One of Latrobe's many DESEGATIZED” steels, Olympic FM is a 
free machining die steel... its improved free machining characteristics resulting from the 

addition of alloy sulphides uniformly dispersed by the DESEGATIZED” process of manufacture. 


Specify Olympic FM for your next die . . . over 250 sizes stocked 
in conveniently located warehouses throughout the country. 


LATROBE STEEL COMPANY 


LATROBE, PENNSYLVANIA 
Branch Offices & Warehouses Located in Principal Cities 


| M 3 | 
Olympic FM is easier to machine, especially in mill. 


Actual recording of clad steel 
being rolled to .0065” within a 
tolerance of * .0002" ; virtualiy 
all the metal is within 0001” 
(between the heavy vertical 
lines). 
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UNIFORM AS THE ATOM 


Somers Thin Strip now Gauged by Nuclear Energy 


To meet the increasing demands of elec- 
tronics and other industries for uniform 
closer tolerances, Somers Brass has taken 
advantage of one of the latest develop- 
ments in the electronic field by installing the 
first Accu-Ray gauges in the non-ferrous 
industry. These units make it possible to 
check and control thickness from edge 
to edge throughout each coil to a degree 
of accuracy never before known. 


Accu-Ray gauging is typical of the modern 
methods Somers combines with engineer- 
ing experience to provide thin strip metal 
to your most rigid specifications. Nickel, 
Monel, and Nickel Alloys from .020” to 
.00075”". Brass, Bronze, Copper and Alloys 
from .010” to .00075”". 


For Exacting Standards only 


SOMERS BRASS COMPANY, INC. 106 BALDWIN AVE, WATERBURY, CONNECTICUT 


Springback . . . 


right-angle forming. For overbend- 
ing, a standard female die is used 
but the punch is slightly undercut 
at each side. The angle of the under- 
cut portion to the vertical should be 
about 20% more than the springback 
angle. 

For all types of channel and 
U-forming, clearance between male 
and female dies should correspond 
exactly to the stock thickness to hold 
the springback to a minimum. 
Artuur H. ALLEN 


Application of 
Rare Earths 


Digest of “The Chemical Black 
Sheep Go to Market”, by S. 
Becker Treat, presented at a 
meeting of the Commercial 
Chemical Development Assoc. in 
May 1956. 


Tt RARE earths, elements No. 57 

through 71, and thorium, element 
No. 90, have had an interesting his- 
torical interrelationship. Early in the 
twentieth century, about 200 com- 
panies were manufacturing mantles 
for gas, gasoline and kerosene lamps. 
These woven mantles were impreg- 
nated with a solution containing 99% 
thorium nitrate and 1% cerium ni- 
trate and the only source of these 
salts was in Germany. When this 
source was lost during World War I, 
monazite sand was obtained from 
India and a plant was set up in Chi- 
cago to extract thorium and cerium. 
Since monazite contains about ten 
units of rare earths for every one of 
thorium and there was no market for 
the rare earths, thousands of tons of 
them went down the Chicago sew- 
ers! Eventually the demand for gas 
mantles diminished with the advent 
of electrical power. Several indus- 
tries then found uses for the rare 
earths so the thorium was being dis- 
carded in this later era. 

During World War II, the Man- 
hattan Project absorbed the thorium 
not required for mantle production. 
In 1946 the Atomic Energy Commis- 
sion announced that thorium could 
be made fissionable and the Brazilian 
and Indian governments soon placed 
embargoes on shipment of monazite 
to this country. Domestic sources in 
Florida and Idaho were then devel- 
oped but neither is a first-class source 


METAL PROGRESS 


> 
A 
. 
| 
us 
log 
yoners 


HATEVER your high-temperature steel prob- 
lems — heat, pressure, corrosion, oxidation — 
End uncertainty in getting there’s always one tube steel among the Timken Com- 
pany’s 24 different high-temperature analyses that 
will do the best job. One that will give you the maxi- 
the longest mum service per dollar and cost per year of required 
service—the best life/cost ratio. 
° To find this one, right analysis, ask the experts/—the 
tube life per dollar: metallurgists of The Timken Roller Bearing Company. 

These experts are recognized authorities on high- 
temperature steels, have been for over twenty years. 
And they're ready to put their experience to work for 
you. They'll study your particular requirements, 
recommend the one tube steel to most satisfactorily 
and economically meet them. Result: you get the 
longest tube life per dollar. 

And you can be assured of uniform high quality in 
the Timken® steel you get. For the Timken Company 
controls and guards steel quality from the furnace 
to final inspection. 

Call on Timken Company metallurgists for under- 
standing help in solving your tube steel problems. 
End uncertainty. Ask the experts! The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 
6, Ohio. Cable address: “'TIMROSCO". 


18-8 
Jess tubing 


lable as 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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Sicro™ Sicromeo 5-1 2 
Carboo 2% 7 
General view of the Timken Company metallographic laboratory where many analyses of steels are viewed under high-power microscopes. 
Fine Alloy 
‘ 
: 


Rare Earths .. . 


of the ore. Recently a massive de- 
posit of monazite was uncovered in 
the Union of South Africa. With 
such a large source of thorium avail- 
able, the supply of rare earths is now 
considerably larger than the demand. 

Rare earth salts are now used in 
carbon are electrodes for movie pro- 
jectors and searchlights, flints for 
cigarette lighters, in the production 
of some alloy and stainless steels, in 
filter cloth used in the purification of 
bauxite, for lens polishing and for 
special kinds of glass. Terbium, dys- 
prosium, holmium, erbium, thulium, 
ytterbium and lutecium are now 
being separated and their properties 


are being studied to determine any 
unusual characteristics that could be 
commercially important. Samarium, 
gadolinium and europium have neu- 
tron absorption properties of value 
to nuclear physicists. A thorium-zir- 
conium-magnesium alloy is promis- 
ing as a high-temperature alloy. 
The problem now being faced is 
the marketing of rare earths. More 
must be known and published about 
these materials and the notion of 
“rare” must be dispelled. From a 
tonnage standpoint, the greatest po- 
tential user of rare earths is the steel 
industry. To the metallurgist, the 
developments in rare earths and 
thorium indicate the need for a re- 
examination of the periodic table. 


]. W. Sprernak 


High Speed 


Model 48 /M2 
Equipped with stondord 
work track 
(Optional Equipment). 


Let us prove to you the many 
reasons why this MARVEL 
Hack Saw offers the cheapest, 


Accuracy, Economy 


MARVEL No. 4B 


HIGH SPEED HACK SAW 


aclusive fealunes 


most accurate and fastest ‘‘cut- 
off” method available to you 
at a low initial cost. 

Ask your dealer, or write us 
for Bulletin GP35 which fully 
describes and illustrates the 
many exclusive features which 
makes this Hack Saw Machine 
your “best buy”. 


. Hori Bell Bearing Saw Frame. 
2. Screw Feed Automatic or Hand Driven. 


3. Quick Return Stroke allows greater number 
of strokes per minute. 

. Simple Positive Coolant System. 

5. Adjustable Stroke can be shortened for larger 
capacity. 

6. Speed Range-—evailable in 1, 2 or 4 speed 
models for wider range of work. 


ARMSTRONG-BLUM MFG. CO. - 5700 Bloomingdale Avenue - CHICAGO 39, ILL. 


Substructures in Ferrite 


Digest of “Sub-Structures in 
Ferrite”, by P. Samuel and 
A. G. Quarrell, Journal! of the 
Iron and Steel Institute, Vol. 
182, January 1956, p. 20-30. 


un different kinds of subcrystal- 
line structures have been identi- 
fied in ferritic iron. They are alpha 
veining, delta networks which delin- 
eate previous delta grain boundaries, 
gamma networks which trace out the 
former austenite grain boundaries, 
and a diffuse band network associat- 
ed with phosphorus segregation. The 
authors attempt to explain alpha 
veining and to determine the condi- 
tions under which it appears. Armco 
iron and irons of somewhat higher 
purity were used. 

Alpha veining can be revealed by 
etching in nital, picral or in a nital- 
picral mixture. The veins are con- 
tinuous surface ridges which are re- 
lated only to newly formed ferrite 
grains. Normalizing tends to pre- 
serve remnants of the gamma boun- 
daries. The only heat treatment 
which removes all traces of alpha 
veining is recrystallization in the 
alpha range. Heat treatment in moist 
hydrogen at 1580° F. will perma- 
nently eliminate alpha veining. 

There is no exact correlation be- 
tween X-ray back-reflection patterns 
and microstructure. The diffraction 
patterns are similar for specimens in 
which alpha veining is pronounced 
and those in which only traces of 
veining are visible after prolonged 
etching. In each instance the dif- 
fraction spots consist of a closely 
grouped cluster indicating that there 
are a number of crystal blocks of 
slightly differing orientation within 
each grain. The recrystallized speci- 
mens with no apparent veining show 
more spots, due to grain refinement, 
but the spots are not subdivided as 
they should be in the absence of sub- 
structure. The X-ray and metallo- 
graphic results can be reconciled if 
it is accepted that when only traces 
of veining are observed, the nital- 
picral etchant attacks only those 
subboundaries where relatively large 
orientation differences exist, and 
well-defined veining is shown up by 
the etch where the heat treatment 
has been such as to permit impurity 
atoms to concentrate along the sub- 
boundaries. It was concluded that 
recrystallization in the alpha range 
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ATE WITH SAVINGS. 


AUGUST 1956 


Arrange for your men to see and hear 


National Carbon’s 
new electrode shop training program 


Here's a must for operating, supervisory, purchasing and man- 
agement personnel ...any one concerned with the procurement, 
storage, handling or use of electrodes. It's available free — in your 
own plant or any other mutually convenient location. Thorough 
coverage of the manufacturer's recommendations for proper elec- 
trode usage... illustration and demonstration drive home the 
fundamentals of good electrode practice...help you get top 
value from every electrode dollar. 
* Product quality recognized to be the highest in the 
industry. 
* New end-caps — protect sockets from dust, dirt and end- 
face chipping. 
* New pin package — quicker identification, easier handling 
and storage. 
* Complete technical service — designed to extend the serv- 
ice normally provided by field salesmen. 
Write or call right now for complete details of the new electrode 
training program and arrange to have this important educational 
demonstration put on for your personnel. 


For Electrodes and Electrode Service... rely on National Carbon Company 

The term“ National" is a registered trade-mark af Union Carbide and Carbon Corporation 

NATIONAL CARBON COMPANY . A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 


Sales Offices; Atianta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh. Ben 
Jn Canada; Union Carbide Canada Limited, Toronto 
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FREQUENCY 


HEATING 
UNITS 


The Lepel line of induction heat- 
ing units represents the most advanced 
4 / thought in the field of electronics as well as 
the most practical and efficient source of heat yet 
f developed for industrial heating. With a background of half 
j "/ acentury of electrical and metallurgical experience, the name Lepel 
‘ has become the symbol for quality in induction heating equipment 
embodying the highest standards of engineering achievement, dependable 
low cost operation and safety. 


if you are interested in the application of induction heating you are invited 
to send samples of the work with specifications of the operations to be 
performed. Our engineers will process these samples and return the com- 
pleted job with full data and recommendations without any cost or obligation. 


TYPICAL INDUCTION HEATING APPLICATIONS 


A Lepel installation ot Federal Tele- 
phone and Radio Co. shown sold- 
ering transformer terminals. A pre- 
cision operation made so simple that 
even unskilled operators can achieve 
excellent results on a production 
basis. 


The simultaneous soldering of a 
group of components within one 
load coil is an ideal application 
for Induction heating. The assem- 
blies consist of mounting studs and 
tubes inserted into a machined 
part together with preformed sold- 
er rings. The heating is done so 
rapidly that there is 


no scaling or discoloration. 


Electronic Tube Generators—1 KW; 2)4KW; 
5 KW; 10 KW; 20 KW; 30 KW; 50 KW; 75 KW; 100 KW 
Spark Gap Converters 2 KW; 4 KW; 7/2 KW; 15 KW; 30 Kw. 


WRITE FOR THE NEW LEPEL CATALOG . . . 36 illustrated pages packed 
. with valuable information. 


the irements 
‘he’ Voderal Communiections 


LEPEL HIGH FREQUENCY LABORATORIES, INC. 


55th STREET and 37th AVENUE, WOODSIDE 77, NEW YORK CITY. N Y¥ 


Ferrite . . . 


removed not the impurity but the 
orientation difference between crys- 
tal blocks of ferrite. Small angle 
boundaries can be regarded as con- 
sisting of arrays of dislocations and 
the effect of recrystallization would 
be to destroy these arrays and to 
sweep most of the dislocations to the 
new grain boundaries. 

The authors conclude that: 

1. Alpha veining is normally pres- 
ent in the structure of low-carbon 
irons and it may be explained 
terms of a subgrain structure within 
the ferrite. The ease of observation 
depends on the presence of impuri- 
ties within the metal but their re- 
moval does not affect the underlying 
substructure. Carbon and nitrogen 
are the impurities most likely to con- 
centrate at the subgrain boundary 
networks and make them readily vis- 
ible under the microscope. The sub- 
grains themselves are formed as a 
result of plastic deformation during 
the gamma-to-alpha_ transformation. 

2. Only in the absence of sub- 
grains is alpha veining completely 
eliminated in the sense that it can- 
not be detected even by deep etch- 
ing. Destruction of the subgrains 
occurs when more perfect grains are 
formed by a method, such as re- 
crystallization in the alpha range, 
that does not involve the gamma-to- 
alpha transformation. 

3. Gamma ghost boundaries are 
observed when there has been segre- 
gation of an impurity along the 
gamma boundaries and the impurity 
has been trapped in place by rapid 
cooling. It seems likely that carbon 
or oxygen is the element responsible. 

4. The appearance of ferrite grain 
boundaries as surface ridges in 
etched microsections of low-carbon 
irons indicates an appreciable con- 
centration of impurity atoms along 
them. Carbon appears to be respon- 
sible for this effect. 

5. Much of the confusion in the 
literature has been caused by failure 
to realize that alpha veining is due 
to the existence of a substructure 
which becomes increasingly easy to 
detect as impurity elements concen- 
trate along the subboundaries, and 
by similarity in appearance, though 
not in response to heat treatment, be- 
tween alpha veining and the struc- 
ture of partially recrystallized ferrite. 
R. A. Husesy 
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they switched. . 


Production per 8 hour shift (units)...... 675 
Production time per 1000 units (hours)... 12.35 
Total Labor per 1000 units (man-hours). . 13.09 


They point out that the collar in photo above ‘‘shows 
the finish as it comes directly off the machine.” 


It happens this way often enough to warrant check- 
ing with Ostuco about your tubing applications and 
production problems. Contact your nearest Ostuco 

Sales Engineer or write direct to the Shelby factory 
—there's no obligation! 


=) OSTUCO TUBING 


SEAMLESS AND ELECTRIC RESISTANCE 
WELDED STEEL TUBING—Fabricating ond Forging 


AUGUST 1956 


“SWITCH!” 


Regular 


Besides the savings, Bearings Company of America 
was pleased with the better finish of the new part. 


said Ostuco 


savings were surprising ! 


Pleasant surprise, too! Bearings Company of America, 
Division of Federal-Mogul-Bower Bearings, Inc. Lan- 
caster, Pa., was machining Ostuco seamless tubing 

to make a clutch release bearing collar used as 
original and replacement equipment. Results were fine! 


Then word came from Ostuco, recommending a 
switch to Ostuco’s newly developed NP-60, tubing 
specially processed for machineability. Cost was 

slightly higher, but BCA and Ostuco engineers pre- 
dicted the savings would justify the change. 


and they SAVED! 


Specially 
Processed 
NP-60 


840 
10.03 
10.63 


OHIO SEAMLESS TUBE DIVISION 
of Copperweld Steel Company * SHELBY, OHIO 
Birthplace of the Seamless Steel Tube Industry in America 
SALES OFFICES: BIRMINGHAM * CHARLOTTE + CHICAGO (Oak Parti 
CLEVELAND * DAYTON © DENVER * DETROIT (Ferndale) 
HOUSTON * LOS ANGELES (Beverly Hills) * MOLINE 
NEW YORK © NORTH KANSAS CITY © PHILADELPHIA 
PITTSBURGH * RICHMOND + ROCHESTER + ST. LOUIS 
ST. PAUL * SALT LAKE CITY © SEATTLE * TULSA * WICHITA 
CANADA, RAILWAY & POWER ENGR. CORP, LTO 
EXPORT: COPPERWELD STEEL INTERNATIONAL COMPANY 


225 Broadway, New York 7, New York 
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Substitute for 
Wrought Nickel and 
Nickel-Clad Materials 


Digest of “Alcoplate—a New 
Material for the Corrosion Engi- 
by W. L. Clark, Alco 
Producta Review, Vol. 5, No. 1, 
p. 13-19. 


N APPLICATIONS that formerly re- 
quired wrought nickel or nickel- 
clad material, electroless nickel plate 


has some engineering and economic - 


advantages. Complex shapes can be 
plated with a protective coating of 
uniform thickness and zero porosity. 
The plated component is less expen- 
sive than one made from wrought 
nickel or nickel-clad material and 
has the same corrosion resistance. 
The electroless plating process in- 
volves a number of chemical reac- 
tions by which nickel is precipitated 
from a solution containing nickel 
sulphate, sodium hypophosphite and 


some special additives which pro- 


STEEL MILL ROLLS 
TITUSVILLE FORGE 


ALL TYPES AND SIZES FORGED AND 
GROUND TO YOUR SPECIFICATIONS 


Plate rolls 
ening rolls 


bending rolls—back up rolls 
table rollers and other mill rolls are 


straight- 


dependably forged and ground in any size—to any 
specification at Titusville Forge. Illustrated above is 
a straightening roll being ground on our 42” Landis 
Grinder, Size is 16” diameter x 28'3's"’ long, 40/45 


scleriscope hardness. 


Rely on Titusville Forge for rolls that meet your 


specific requirements. 


STRUTHERS WELLS CORPORATION 


TITUSVALE FORGE DIVISION 


TITUSVILLE, PA. 


PLANTS AT TITUSVILLE, PA., and WARREN, PA, 
Offices in Principal Cities 


long life and improve plate quality. 
The basic chemical reactions are the 
formation of atomic hydrogen from 
sodium hypophosphite plus water 
and the reduction of nickel sulphate 
by the atomic hydrogen. 

If a uniform composition of plate 
is to be obtained the plating bath 
must have a constant composition 
during the entire plating process. 
Plating continues until the solution 
is depleted of hypophosphite ion or 
of its metallic cation. Consequently, 
the sodium hypophosphite and nickel 
sulphate that are consumed in the 
process have to be continually re- 
plenished. This is done by auto- 
matically controlled proportioning 
pumps in a regeneration tank. 

The plate has a nominal chemical 
composition of 91.3% Ni, 8.7% P, 
0.04% C, 0.0023% O, 0.0047% N and 
0.0016% H. Phosphorus content may 
vary from 6 to 9%. Metallographic 
and X-ray studies indicate that the 
phosphorus is present as nickel phos- 
phide dispersed in a matrix of nickel. 
The as-deposited plate is assumed 
to be amorphous since X-ray diffrac- 
tion studies fail to show any pres- 
ence of a crystalline phase. The 
structure is unrelated to and un- 
affected by the structure of the un- 
derlying metal. The thickness of the 
coating does not affect its amorphous 
structure and the plate is homo- 
geneous throughout. 

Heat treatment of the plate at 
750° F. results in the finest disper- 
sion of nickel phosphide particles in 
the nickel solid solution. This treat- 
ment produces the highest hardness 
value obtainable — approximately 
1100 Vickers. Heating beyond 750° 
F. results in lower hardness values 
with increased ductility and possible 
improvement of other properties 
such as resistance to impact, wear, 
erosion and salt spray corrosion. 

The coating is free of porosity and 
has excellent adhesion to the base 
metal. The adhesive strength of the 
bond exceeds the shear strength of 
the plating. Reported values of the 
bond strength of electroless plate 
to steel range from about 30,000 to 
60,000 psi. 

Electroless nickel equipment has 
been supplied to chemical plants, oil 
refineries, electrical companies and 
aircraft manufacturers. Most of the 
present production is for large steel 
pressure vessels for Atomic Energy 
Commission installations. 

A. Courure 
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TEST PROVES QUENCHOLS 
HIGHER COOLING POWER! 


10-MINUTE DEMONSTRATION 


Compare any oil you now use with Sinclair 
QUENCHOL 521 in just 10 minutes! Right 
in your office or plant, Sinclair's new 
Quenchol Demonstrator will give you an 
accurate comparison of relative cooling 
power .. . show you how QUENCHOL can 
save money in your quenching operations! 


A TYPICAL TEST SHOWS THESE RESULTS: 


OILS COMPARED 


COOLING POWER’ ROCKWELL C HARDNESS 


(SAE 1045 STEEL) 
576 23.5 
Competitive Oil B 729 39.0 
Competitive Oil C 1024 41.0 


Competitive Oil A 


QUENCHOL 521 


1369 54.5 


*Based on a recognized formula for determining relative cooling power 
value. Measured as the square of the current (\?max.) as recorded by 
Quenchol Demonstrator. 


ACTUAL PRODUCTION TOO...PROVES QUENCHOL SUPERIORITY ! 


In numerous production tests, QUENCHOL 521 has demonstrated its far superior 
quenching ability. All users report better results in the degree, depth, and uniformity 
of hardnesses obtained. Steels have included SAE 1035, 1040, 4140, etc. In many 
| cases the superior results have been obtained while increasing working loads! More- 
| 


over, QUENCHOL’S high sludge resistance, low acid formation characteristics and high 
quenching reserve keep it from deteriorating . . . extend QUENCHOL’S amazing cooling 
power with longer service life! 


For your own demonstration of QUENCHOL efficiency, and for more technical infor- 
mation on its properties, call your local Sinclair Representative . . . or write to 
Sinclair Refining Company, Technical Service Division, 600 Fifth Avenue, New 
York 20, N. Y. There's no obligation. 


METAL WORKING OILS 
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WRITE FOR: 


Io help you with 
YOUR ABRASIVE PROBLEMS 


Your choice of one or more pieces of literature 
which shed a light on the complicated problems 
of blast cleaning abrasives. No tricks, no strings, 
no obligation! 


“A PRIMER ON THE USE OF SHOT AND GRIT” 


a 20-page question and answer booklet 
written without bias, from your point of 
view. 


a small leaflet that discusses the new 
look and advantages of palletized abra- 
sives (at no extra cost to you). 


“TIRED OF MAKING TESTS?” 


This pamphlet suggests a simple con- 
trol solution of blast cleaning opera- 
tions. So simple an office boy can oper- 
ate it—does away with “testing” and 
never interferes with your operations. 


This literature will be sent to you with the com- 
pliments of Controlled T Shot & Grit and Perma- 
brasive Annealed Shot & Grit—the abrasives that 
guarantee a savings* in writing and pay off in 
hard, cold cash money. 


#10% in the case of Permabrasive, 15% in the case of Controlled T 


“Tired of Making Tests?” 
THE NATIONAL METAL ABRASIVE COMPANY 


SOLD EXCLUSIVELY BY 


(INCORPORATED) 


CHICAGO «+ DETROIT + CINCINNATI + ST. LOUIS + NEW YORK 
CLEVELAND + PHILADELPHIA + PITTSBURGH + INDIANAPOLIS 


(] “A Primer on the Use of Shot and Grit" 
[] “it's Triplets” (A Story of Palletizing) 


Cleveland, Ohio 


THE WESTERN METAL ABRASIVES COMPANY 
Chicago Heights, Illinois 


HICKMAN, WILLIAMS & CO. 


Cracking in Mild 
Steel Welds 


Digest of “Hydrogen in Mild 
Steel Weld Deposits”, by N. 
Christensen and R. Rose, Brit- 
ish Welding Journal, Vol. 2, De- 
cember 1955, p. 550-558. 


HE HARMFUL effects of dissolved 

hydrogen in weld metal include 
both general embrittlement and mi- 
crofissures. Such microfissures have 
often been observed in E 6010 and 
E 6011 welds but have not been re- 
ported in welds produced with 
European electrodes. This article 
deals with the measurement of 
microfissures in weld metal from a 
number of European electrodes and 
with the determination of the hy- 
drogen contents of these welds. The 
spatial distribution of cracks and the 
mechanism of crack formation were 
also investigated. 

Electrodes of the rutile and lime- 
fluorspar types were chosen to rep- 
resent the upper and lower extremes 
of hydrogen contents encountered 
in conventional welding. Two deep- 
penetration electrodes were also in- 
cluded. No special precautions 
were taken to protect electrodes from 
atmospheric moisture. The stand- 
ard welding procedure for crack 
testing consisted of depositing a 
single bead along the center line of 
a piece of mild steel, 120 x 63 x 
12.7 mm. Specimens for hydrogen 
determinations were made up of 
three strips, 120 x 19 x 12.7 mm. 
They were clamped rigidly in a vise 
with pieces of copper foil inserted 
between them so that the thermal 
characteristics of the composite 
specimen were similar to those of the 
crack-testing specimen. A_ single 
bead was deposited on the central 
strip which was unclamped and 
quenched in water immediately after 
completion of welding. 

The small size and location of 
hydrogen cracks make them difficult 
to find in routine X-ray or magnetic 
particle inspection. A metallographic 
procedure adopted consisted of 
polishing with diamond dust, etch- 
ing and repolishing for a very short 
time with very fine diamond dust. 
The etchant was a solution of hy- 
drochloric acid, water, copper chlo- 
ride and picric acid in ethyl alcohol. 
The cracks were counted on vertical 
sections through the center line of 
the beads in a region about 65 mm. 
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The 50-ton weldment above is one of fifty-five identical Press Beds 
produced for one manufacturer of heavy presses. This piece, and 
the parts and assemblies illustrated at the left, are typical of thou- 
sands of Steel-Weld Fabricated units produced and machined by 
Mahon for manufacturers of processing machinery, machine tools, 
and other types of heavy mechanical equipment. Are you taking 
full advantage of the possibilities offered by welded steel compo- 
nents in your products? In the design of almost any type of heavy 
machinery there are pieces and sub-ossemblies that can be pro- 
duced more satisfactorily and more economically in welded steel 
—and with the additional advantages of less weight, greater 
rigidity and predictability. When you consider weldments, think of 
Mahon .. . becouse, you will find the Mahon organization a unique 


source for welded steel in any form ... a source with complete 
facilities for design engineering, fabricating, machining and assem- 
bling . . . @ source where design skill and advanced fabricating 


techniques are supplemented by craftsmanship which assures you 
a finer appearing product embodying every advantage of Steel- 
Weld Fabrication. See Sweet's Product Design File for information, 
or, better still, have a Mahon sales engineer call at your convenience. 


THE 8. C. MAHON COMPANY + Detroit 34, Michigan 


Soles-Engineering Offices in Detroit, Hew York end Chicago 


and Fabricators of Steel in Any Form for Any Purpose 
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Weld Cracking . . . 


from the start to about 35 mm. from 
the end of the bead. 

There was a fairly uniform dis- 
tribution of cracks across the central 
three-quarters of the width of the 
bead, with quite a sharp decrease 
towards the edges. The over-all 
crack density was much higher in 
the horizontal plane than in the 
vertical midplane section and maxi- 
mum crack density was at a level 
slightly above the plane of the par- 
ent plate. Cracks were usually 
parallel to the boundaries of ferritic 


columnar grains and frequently cut 
through inclusions. Welds made 
with basic electrodes contained too 
few cracks to justify any calculation 
of distribution. 

For the hydrogen determinations, 
the specimen was water quenched 
within one second after welding, 
rinsed in alcohol or ether, dried and 
put into a vacuum apparatus for 
extraction at 650° C. (1200° F.). 
The extracted gases were not ana- 
lyzed. The results indicated that 
cracking does not occur with gas 
contents below 40 ml. per 100 g. of 
fused metal. 

It is apparent that microcracking 


BROTHERS 
OVENS and 
FURNACES 


Electrically heated, controlled atmosphere furnaces. 


for Greater ECONOMY 
and EFFICIENCY in 


HEAT TREATING 


Young Brothers Ovens and Furnaces are the product of 60 years of 
experience in building ovens and furnaces for all heat treating pro- 
cesses. As a result they operate more efficiently, turn out more and 
better production and meet the exact requirements for which they 


are engineered. 


Knowing the basic problems of heat treating, Young Brothers Engineers 
have perfected ovens and furnaces that operate reliably, provide 
large savings in fuel and handle a wide variety of work requiring 
a broad range of temperatures and heating cycles. 


For better heat treating results in less time, at lower cost, investigate 
the exclusive advantages that Young Brothers Ovens and Furnaces 


offer. Write for Bulletin 14-T. 


YOUNG BROTHERS COMPANY 


18629 Columbus Road 


Cleveland 13, Ohie 
1896 


occurs as frequently with European 
electrodes as with the corresponding 
British or American types. Basic 
electrodes are practically immune to 
cracking. The correlation of crack- 
ing tendency with hydrogen content 
reported in the literature has been 
confirmed. 
H. J. NicHois 


Measurement of 
Machinability 


Digest of “The Machining 
Properties of Non-Ferrous Met- 
als”, by D. F. Galloway, Journal 
of the Institute of Metals, Vol. 
84, February 1956, p. 121-131. 


N THE symposium on shaping of 
nonferrous metals held in Lon- 
don, England, in April 1956, the 
problems of attaining high rates of 
metal removal, superior finish and 
longer tool life when machining the 
newer aluminum, titanium and 
Nimonic alloys were discussed. Im- 
portant technical criteria in rough 
machining are rate and efficiency of 
stock removal and tool life. In finish 
machining the rate of surfacing, 
surface finish and dimensional ac- 
curacy are more important. In this 
paper few machinability data are 
given but the principles governing 
the adequate investigation of ma- 
chining processes are outlined. These 
principles involve precise measure- 
ment, control and systematic vari- 
ation of factors. 

Measurements of cutting force 
are of fundamental interest and can 
be made with dynamometers. Com- 
position and flow of cutting fluids 
and feed and speed of the tool can 
all be measured directly and con- 
trolled. The complex geometry of 
cutting tools requires careful check- 
ing with special equipment, and some 
optical instruments used for rapid 
measurement of the angles of drills 
and straight cutting tools are illus- 
trated and described in detail. A 
special machine for control and 
measurement of the various factors 
involved in drilling is also illustrated. 

Unavoidable variations in the tools 
or test material must be allowed for 
by making enough tests so that the 
effects of such variations will aver- 
age out. In planning experiments, 
variation of only a single factor is 
not always satisfactory since inter- 
actions of two or more factors may 
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Northwest 449 is really big news! This “complete” 449 is an unusually efficient soak cleaner, specially 
new water soluble compound replaces complicated developed for preparing non-ferrous metallic surfaces 
powder and liquid combinations . . . eliminates metal for plating and finishing operations. 449 has unusually 
cleaning hazards and disposal problems. It's harm- long bath life and wide application range . . . costs 
less to rack coating and equipment and makes no more than ordinary cleaners. 

handling and control simple, easy and SAFE. It will Get our expert analysis of YOUR job by calling or 
save you time and trouble, and make you money. wiring us today. 


Remember-—tne cost per finished piece is the true cost of your cleaner 


CO. 


ROSELAWN DETROIT 4, MICH, 


AUGUST 1956 


NEW NoRTHWesy PROCESS SUCCESSFUL y 
| ie. PY Soak Cleaning in 20 Years 
| CUTS CLEANING COsrs NO HANDLING OR 
| CONTRO, Worries 
TO EQUIPMEN, | 
AND RACK COATING NO HOODING op 
| SAFE_No FIRE HAZARD ae 
| NON-Toxic NO busting 
MAL SEWER 
NO CAKING IN 
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FABRICATED ALLOYS 


Engineered 
FURNACE 
RETORTS 


ChACSERVE BETTER 


LAST LONGER 
COST LESS 


fer furnace hour 


Stainless steel hoods for bell-type 
ag: anne aling furnaces. 
77° O.D, x 88" high 


A special and very suc- 
cessful Rolock design 
with integral sand seal, 


A special design built within 
a few days without costly 
patterns 


Here are three of the important furnace retort designs currently 
fabricated by Rolock specialists . . . each making an impressive record 
of excellent, low-cost service. Essential features include experienced 
design and construction engineering unique Rolock know-how 
and experience in fabricating modern high-heat-resistant wrought 
alloys . . . quality standards maintained and safeguarded by detailed 
X-ray and other forms of inspection. Write for our new comprehensive 
catalog, or send your prints for quotation. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 


Machinability . 


be important. It is better to vary 
several related factors in a group. 
For example, the effect of a change 
in relief angle of high speed steel 
drills depends on whether the steel 
is high in tungsten or molybdenum 
and possibly also on the work mate- 
rial and point angle. 

The specific cutting force for 
rough machining of aluminum alloy 
L 64 with 0.1-in. depth of cut and 
0.015-in. feed is 120,000 psi. and 
that for Nimonic 80 fully heat 
treated is 455,000 psi. 
have intermediate 


Various steels 
values. With 


_lower feed and depth of cut the 


specific cutting force increases 
greatly. Friction of the chip against 
the tool increases the cutting force 
and with diamond tools the cutting 
force is much lower than with 
cemented carbide tools. The results 
of drilling tests are similar for rough 
machining; the highest values for 
thrust and torque are shown for 
Nimonic 80 and titanium alloy Ti- 
150 A; and the lowest for an aluminum 
alloy, with various steels in between. 
The tapping torque for titanium is 
about three times as great as that 
for an alloy steel. It is less with a 
sulphurized neat oil cutting fluid 
than with a water-base soluble oil. 

In drilling, the tool life increases 
as the cutting speed is decreased. 
With logarithmic plotting the rela- 
tion is approximately linear except 
at very slow speeds, Much better 
drill life is obtained on Ti-150 A 
with a low penetration rate due to 
slower speed and higher feed. Drill- 
ing tests of the same alloy with high 
speed steel drills indicate that for 
best tool life the point angle should 
be 105°, the relief angle 10° and 
the helix angle 25°. 

The flank wear on cemented car- 
bide tools is much more severe after 
removing 8 cu.in. of Nimonic 80 
than after removing 13 cu.in. of a 
heat treated alloy steel under the 
same conditions. Cutting Nimonic 
for 30 min. produces about the same 
flank wear as 80-min. cutting of 
steel. In tapping Ti-150 A at 27 ft. 
per min. with an oil cutting com- 
pound carrying molybdenum disul- 
phide there is a heavy build-up of 
titanium in the threads after only 
one hole is tapped. If a suspension 
of molybdenum disulphide in “white 
spirit” is baked on the tap at about 
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THE SIZE YOU WANT — Only “ARCADIAN 
coarse (1-C), medium (2-B), fine (3-A). 
“in solid erystals—they do not erush or 

EXCEPTIONAL PURITY — ARCAI IAN” 


Ethanoclamines Ethyiene Oxides Ethylene Glycols+ Ureas Formaidenyde+U. Concen- 
trate—85+Anhydrous Ammonia+s Ammonia Liquors Ammonium Gulfate+ Sodium Nitrate 
* Metnanol+ Nitrogen Solutions + Nitrogen Tetroxide « Fertilizers & Feed Supplements 


40 Rector Street, New York 6, N.Y. 
AUGUST 1956 


| | «t- | | | | | 
| | 
Arcadian Brand® Sodium Nitrate | 
| gives you extras at no extra cost For solution hea ‘treating, 
, keep their screen sizes. 
| 
Dept. Ni 2-16-1 
hemical OIVISION 
147 


Machinability . . . 


400° F., more than 50 holes can be 
tapped without trouble. 

Surface finish is affected by cut- 
ting speed, feed and the shape and 
composition of the tool. The rela- 
tion between the finish and cutting 
speed is quite different for two 
aluminum alloys with 
carbide tools but when diamond 
tools are used the relation is simi- 


machined 


lar for the two alloys. With faceted 
diamond tools, the finish varies with 
the orientation of the facets to the 
work surface and is best when a 
facet is parallel to the work. Although 
the finish deteriorates rapidly at a 


feed rate above 0.0015 in. per 
revolution with an unfavorable facet 
orientation of a tool, it is independ- 
ent of the feed rate with the best 
orientation. 

Machinability ratings of materials 
obtained from standardized tests are 


AUTOMATIC POLISHING IS NOW 
PRACTICAL, FAST and ECONOMICAL 


_ AB DeLuxe POLISHING APPARATUS 


Increase the 
production of 
your laboratory 
and the quality 
of your micro- 
specimens 


No. 1911-2M 


The AUTOMET attachment has now made practical the 
complete automatic polishing of metallographic specimens. 
It is a device for holding and rotating six 1” or five 14" 


specimens against a grinding paper or polishing cloth under 
controlled pressure. 


The illustration shows two attachments on a polishing 
The complete automatic procedure requires three 
stages and can be done most rapidly and practically with 
three complete polishers and Automet attachments. It is 
also possible to use one polisher, one Automet attachment 


table. 


and 2 extra wheels. 


reasonable price. 


Write for 
complete details. 


In this manner your laboratory can 
now have the advantages of automatic polishing at a very 


Only limited 
metallographic 
experience 
needed to 
obtain high 
quality polished 
sections with 


2120 Greenwood Street, Evanston, Illinois, U.S.A. 


not considered by this author to be 
very useful to production engineers 
because the important factors of tool 
life, surface finish and power con- 
sumed do not bear any relation to 
each other and a test determines 
only one of them. Furthermore, tests 
are often made under entirely dif- 
ferent conditions from actual machin- 
ing operations. The assumption that 
lower cutting forces are associated 
with longer tool life is not justified 
by experience and the results of 
cutting-force tests are not valid 
criteria of machinability in general. 

Drilling tests at high penetration 
rates are not suitable for predicting 
performance at normal speeds and 
feeds and quick machinability tests 
have often been misleading. It would 
be helpful if enough reliable ma- 
chinability data could be made 
available to establish the validity 
of some of the rapid tests. 

G. F. Comstock 


Boron'’s Function in 
Hardening Steel 


Digest of “Boron in Iron and 
Steel—Hardenability and Its 
Mechanism”, by G. M. Leak, 
Metal Treatment and Drop 
Forging, Vol. 23, January 1956, 
p. 21-28. 


onON is used to improve the 
hardenability of steel but fre- 
quently its maximum effect is not 
realized. Boron increases harden- 
ability by reducing the nucleation 
rate of the transformation products 
and the total number of 
formed; thus, boron delays the 
transformation of the metastable 
austenite and has essentially no 
effect on the kinetics of the trans- 
formation reactions. 

Because the formation of ferrite 
from austenite requires a certain 
minimum energy per unit area of 
interface between the two phases, 
nucleation of this transformation 
product will occur at sites where 
part of this energy can be supplied. 
Nucleation occurs preferentially at 
grain boundaries because the elimi- 
nation of an austenite grain boun- 
dary supplies to the reaction an 
energy per unit area of eliminated 
boundary. Such a source of energy 
is not available within a grain. The 
critical values for the occurrence of 
nucleation indicate that an energy 


nuclei 
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Why You Should Electro-Tin 


Copper Wire With 


Look At 
These 
$ Saving 
Advantages 


When you electro-tin with B&A Tin 
Fluoborate, only one-third as much tin 
is used to get good coverage, as com- 
pared with the hot-dip method. Reason: 
you can control plating thickness. 


Faster! The rate of metal deposition is 
twice that of alkaline baths at equal 


amperage. 
No Heat or Fumes! Room temperatures 


or slightly above can be used. No fumes, 
no need for special ventilation. 


A Superior Coating! The coating is fine- 
grained, and so uniform and ductile 
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Free Technical Bulletin! 
Send Coupon Today! 


BAKER«z ADAMSON’ 


Fluoborate Solutions 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 


B«A Tin Fluoborate 


that the coated wire can be burnished 
in dies or reduced in gage — a type of 
processing impractical with hot-dipped 
wire because of the structure of the 
coating and its non-uniform thickness. 


Simpler! No mixing or dissolving needed. 
The bath is easier to prepare, stable in 
composition, simple to control, has high 
conductivity and anode and cathode effi 

ciencies of approximately 100%. 


Protection Plus Easy Assembly! The uni- 
form coating provides protection against 
electrical insulation components which 


attack copper wire, and has excellent 
solderability even after aging 


These advantages add up to year in and 
year out savings. For full information, 
mail coupon below 


Also, save plating time and money with 
B&A Metal Fluoborate Plating Solu- 
tions for Lead, Iron, Copper, Nickel, 
Cadmium and Indium plating. Along 
with other special advantages, these 
fluoborates offer the only fast, efficient 
way to plate lead-tin and lead-tin-copper 
alloys simultaneously at 
easily controlled ratios, 


General Chemical 


BAKER & ADAMSON PRODUCTS 


Division 


Allied Chemical & Dye Corporation 


40 Rector Street, New York 6, NH. Y. 


Please send B&A Bulletin TC-43441 containing detailed information 
on use of Tin Fluoborate for copper wire electro-tinning 
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SHIPPING 


ANG 


YOU'LL DO BETTER 


with UNITCASTINGS! 


We make no special claims to produce miracles with cast steel. Like 
competitive foundries, problems are similar . . equipment may differ 
slightly . . it’s the end performance of the casting that counts! 


A little extra surveillance in process pays off quality-wise. Customers 
receive better, cleaner castings . . meeting accepted specifications . . 
and end up with a lower finishing cost. Less scrap . . less re-work . 
and less lost production time amounts to more than incidentals! 


Standard carbon and low alloy steel castings, up to 150,000 psi 
tensile . . whatever your requirements, specify Unitcastings! 


UNITCAST CORPORATION + Toledo 9, Ohio 
In Canada; CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 


barrier exists even at a boundary 
between four grains. A slight in- 
crease in the energy barrier will 
retard transformation by decreasing 
the total number of nuclei formed 
and by decreasing the nucleation 
rate of the transformation products. 
It has been argued that boron re- 
tards transformation by changing 
the energy barrier. 

This theory can be extended to 
explain the hardenability effect in 
another manner. The total lattice 
strain energy caused by the solution 
of boron in austenite is reduced by 
the migration of these solute atoms 
to imperfections such as grain boun- 
daries. Initial additions of boron 
to a steel will increase its harden- 
ability because these solute atoms 
will migrate to the grain boundaries 
and lower their energy level. If 
boron is added in excess of the 
amount required to saturate the 
grain boundary, the extra atoms are 
forced into solution within the grain, 
thereby raising the grain-boundary 
energy and increasing the nucle- 
ation rate of the transformation 
products. 

An attempt has also been made 
to explain the mechanism of hard- 
enability by the solid solution hard- 
ening effect of boron. Once trans- 
formation has been initiated, the 
high strain energy associated with 
the solution of boron in austenite 
would oppose further formation of 
ferrite. Calculations have been made 
giving the effectiveness of boron in 
preventing such further transforma- 
tion. The maximum efficiency of 
boron in delaying further trans- 
formation occurs when the ferrite 
is saturated with the solute atom. 
For saturation, the values are 1, 
4 and 43 for carbon, nitrogen and 
boron, respectively. As the carbon 
content of a steel is increased, the 
amount of ferrite which can form 
is decreased. Because boron only 
delays the formation of ferrite, the 
effect of boron on complete trans- 
formation becomes less noticeable. 
At the eutectoid composition, ce- 
mentite can be nucleated without 
ferrite and the effect of boron on 
suppressing transformation is absent. 

These mechanisms depend upon 
knowing both the solubility of boron 
in steel and the manner in which 
it is dissolved. Existing data on the 
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Moly Wound Furnaces 
for heating up to 3000 °F 


= aluminum oxide muffle furnaces with molybde- 
num wire heating elements are ideally suited for heat 
treatment in hydrogen and/or dissociated ammonia 
atmospheres. 


Furnace shown above has working dimensions of 6!/>” 
wide x 5!/4” high x 32” long with 52” long water jacketed 
cooling chamber. 
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Boron... 


solubility of boron in steel are some- 
what conflicting. Assuming that the 
solubility of a solute is proportional 
to the volume change resulting from 
the solution, calculations can be 
made for alpha and gamma iron to 
find the ratios of solubilities for 
interstitial and substitutional solid 
solutions. From these calculations 
and solubility data, it can be in- 


ferred that boron forms a substitu- 
tional solid solution in alpha iron 
and an interstitial solid solution in 
gamma iron. Consideration of the 
size of the boron atom in solution 
and data from diffusion experiments 
support the conclusion for gamma 
iron. Data from internal friction 
measurements indicate that boron 
also forms an interstitial solid solu- 
tion in alpha iron. 

The mechanisms reviewed in this 


paper are based on the present 


Increase Production and Lower Costs 
with 


Loftus 60 Cycle Induction Heating Furnaces 


- 


Heating of ferrous and non-ferrous 
metals for rolling, forging or extrusion 
operations is quick, clean and eco- 
nomical with Loftus 60 Cycle Induc- 


Photo Courtesy Revere Copper and Brass, Inc. 


® Automatic charging and discharging. 
® Minimum maintenance. 
© Modern, fast, uniform heating. 


® Elimination of lost time and labor for bring- 
ing furnace and load up to temperature. 


® Surface is practically scale-free. 


tion Heaters. Check the advantages 
listed above and you'll readily under- 
stand why it pays big dividends to 
use this modern method of heating. 


We would welcome an opportunity to quote on your requirements. 


SALES OFFICES IN PRINCIPAL CITIES 


610 Smithfield Street, Pittenurgn 22, Pa 


140 &. Dearborn Street, Chicago. tii 


knowledge of the extent and form 
of solubility of boron in steel. Selec- 
tion of one of these theories and the 
formulation of the actual mecha- 
nism await the determination of 
additional fundamental data. At that 
time, such knowledge could be used 
to obtain the maximum effect of 
boron in improving hardenability. 
It is suggested that further work 
be conducted to determine the true 
nature of the solubility of boron in 
alpha iron. Internal friction measure- 
ments of grain-boundary relaxation 
could be used to determine whether 
boron atoms are preferentially lo- 
cated at grain boundaries. 
G. W. Busn 


Wedge Specimens Reveal 
Hardness Penetration 
in Toolsteels 


Digest of “Tool Steel — Shop 
Metallurgical Control by a Small 
User”, by A. J. Blackwell, Jron 
& Steel, Vol. 27, June 1954, p. 
217-222. 


Artes heat treatment, toolsteels 
show a considerable variation in 
hardness from the skin to the center. 
In this paper a method was sought 
to assess what depth of skin had to 
be removed to leave the ideal sur- 
face hardness on steels for drills, 
reamers and similar tools. In develop- 
ing a toolsteel quality control system 
suited to the needs of a small shop 
engaged in manufacturing such tools, 
the first step was to develop a satis- 
factory laboratory technique and 
then modify it for general plant use. 

Several methods can be used to 
measure decarburization and carbon 
gradients but the most accurate is 
a hardness survey of a prepared cross 
section. Since a more practical and 
faster technique was desired, a test- 
ing system known as “reduced diam- 
eters” was perfected. Test bars from 
13 types of high speed steel were 
selected machined in 
stepped diameters, with eleven suc- 
cessive reductions from the original 
hot rolled bar size. Bars ranged in 
original diameter from 0.457 to 0.787 
in. Stock removal at the eleventh or 
last reduction in diameter ranged in 
depth from 0.043 to 0.075. A small 
flat was ground on each diameter to 
insure accuracy during hardness test- 
ing. Standard salt bath heat treat- 
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TO MAINTAIN UNIFORMLY 


HIGH QUALITY 


NEWLY PUBLISHED! 

Get your copy of this 20-page 
booklet which gives detailed 
information on the remarkable 
new ““FATIGUE-PROOF.”’ 


1424 150th STREET, HAMMOND, INDIANA 


Manufacturers of America’s Most Complete 
Line of Quolity Cold-Finished Steel Bors 


Please send me your “FATIGUE-PROOF” Bulletin. 


compony__ 


International Products & Mfg. Co. 
switched to La Salle @ 


title _ 
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STEEL BARS 


International Products & Manufacturing Company is 
now specifying “FATIGUE-PROOF™” steel bars for 
generator and starter shafts. These are heavy-duty 
shafts. Formerly they used 4140 or 8640 heat-treated, 

Field failures can be anticipated unless the finest of 


materials and the best of manufacturing practice are 


employed. 
“FATIGUE-PROOF,” by eliminating heat-treatment, 
does away with any possibility of quench cracked shafts 


getting past inspection, Since no straightening after 


heat-treatment is required, unfavorable residual stress 


due to severe straightening operations cannot be 


present. 
It’s another case where “FATIGUE-PROOF's” high 
strength in-the-bar eliminates a possible cause of 


trouble. 
If you want to improve the quality of your products 
and avoid the problems of machining or heat-treating 


parts from high strength carbon or alloy steels . . try 
a sample bar of “FATIGUE-PROOF.” If you will give 
us application details, send a blueprint, or call La Salle 
Sales Engineer at REgent 4-7800, Chicago, Ilinois, he 
will send you a test sample if it appears “FATIGUE. 


PROOF” can be used to your advantage. 


International Products & Manufacturing Co., of Chicago, 
are manufacturers of automotive starter 
and generator parts. 
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WTiC, Crystal (4000X). Photomicrograph of K tal tungsten-titani 


crystal (4000X). This unique material is an important ingredient of Kennametal, and 
provides a combination of desirable characteristics in the steel-cutting and gall- 
resistant grades of Kennametal. 


Where you can use 
KENNAMETAL’ or KENTANIUM* 


Kennametal was the first hard carbide to cut steel successfully. 
Since the original composition was invented, many additional 
distinctive grades have been developed. Each offers a wealth 
of possibilities to design engineers who are searching for a metal 
that has unusual strength and high hardness, or exceptionally 
high resistance to abrasion, deflection, deformation and impact. 


A companion material, Kentanium, retains its high strength 
and exceptional resistance to oxidation and abrasion at temper- 
atures 1800°F and higher. It is one-third lighter than steel and 
much lighter than other hard carbides. It possesses extremely 
high resistance to thermal shock. 


With a combination of many desirable properties, Kenna- 
metal and Kentanium are providing unusual performance in 
diverse applications. Many of these applications and the 
properties required for each are discussed in our Booklet No. 
B-111. Perhaps it will give you the information you need to 
get your idea off the drawing board into production. Write for 
a copy. Address: KENNAMETAL INc., Latrobe, Pa. 


*Regiatered Trademarks 
B.3947 


Toolsteel . . . 


ment for high speed steels was con- 
ducted on all the bars suspended on 
hooks. 

Using a Vickers hardness testing 
machine with a 30-kg. load, three 
indentations were made on the flat 
of each of the 13 test samples. 

Graphs were compiled to indicate 
hardness at increasing depths of skin 
removal. On similar steels a standard 
hardness can be insured by removing 
the proper amount of material as 
indicated from drawing the “accept- 
ance” line of required surface hard- 
ness horizontally across the graph. 

A significant feature was the rising 
trend of hardness with progressive 
reduction in diameter. The steels in- 
volved were deep hardening but the 
hardness trend was expected to flat- 
ten out when moving toward the 
center of the section. A metallo- 
graphic examination showed that the 
amount of retained austenite varied 
and the carbide was dispersed un- 
evenly in the matrix. 

In the production test or modified 
laboratory method, a direct reading 
Rockwell hardness tester was used. 
The test sample was a 4-in. long 
bar for all shapes whether round, 
square or rectangular. On the surface 
of this sample a taper flat was ground 
from zero at one end to 0.040 in. 
deep at the other. To avoid grinding 
cracks after hardening, the bar was 
tapered before heat treatment. 

Once the sample was prepared, 
testing was simple and could be 
passed on to routine inspection per- 
sonnel, Hardness impressions were 
made at six equal intervals along 
the “wedge”, starting at the full bar 
size. Hardness readings were plotted 
on a suitable scale against the depth 
below the originial bar skin. With 
this test it was easy to identify any 
bar decarburized during rolling or 
forging. Also, it was possible to 
determine how much metal had to 
be removed to obtain a specific sur- 
face hardness on production lots. 

While it is useful to know at what 
depth below the hot rolled bar skin a 
particular batch of toolsteel meets 
quality standards, it is also pertinent 
to recognize why it may fail to reach 
such hardness values. Some produc- 
tion variables that affect the finished 
bar are: 

1. Ingot casting temperature. 

2. Conditions of the ingot mold. 
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SODIUM 


metallic 


—and you'll talk about Ethyl’s high purity sodium. 
Ethyl Corporation, working closely with organizations 
in the chemical and metallurgical fields, offers metallic 
sodium ideally suited in form and purity to the needs 
of those interested in reducing metal salts or in other 
reactions with organic and inorganic compounds. 

Available in tank cars, and cast solid in drums, 
Ethyl can furnish sodium specially filtered and handled 


under argon, out of contact with nitrogen or oxygen. 


Top physical properties of the refractory metals 
demand the finest sodium. Numerous chemical reac- 
tions may benefit greatly from the use of this high 
purity sodium. 

The Ethyl Research Laboratories have developed 
improved techniques for the analysis of sodium for 
oxides and other impurities. We would be happy to 
supply high purity sodium for your work and to give 


technical service on sodium analysis where desired, 


me 
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Toolsteel . . . 


3. Rate of cooling from casting 
temperature. 

4. Furnace atmosphere for an- 
nealing ingots, billets and bars. 

5. Dressing of ingot surface prior 
to forging, 

6. Maximum hot reduction from 
ingot to billet. 

7. Billet dressing and annealing. 

8. Rolling and forging tempera- 
tures. 


9. Reheating slowly between hot 
operations. 

10. Annealing of finished bars. 

Most toolsteel producers keep 
close observation on the above items 
to achieve maximum quality in the 
bar and forging stage. The user of 
toolsteels should not waste the built- 
in quality through lack of suitable 
control in heat treatment. Properly 
equipped preheating and hardening 
furnaces with accurate temperature 
controls are the absolute minimum. 

Artruurn ALLEN 


Plan Now to Attend a New Kind 


of ASM Technical Session 


Discussion Forum on 


DIE WEAR AND DIE LIFE 
IN STAMPING OPERATIONS 


under the general chairmanship of 


Paul GC. Nelson 


The Budd Co. 


Thursday morning and afternoon, October 11, 1956 


at Cleveland Public Auditorium 


38th National Metal Congress and Exposition 


Purposes: 


To exchange ideas and experiences 
on die wear and die life. 
To attempt agreement on uniform 
methods of recording data on die 
wear and die life for developing fur- 
ther information on die perform. 
ance, leading to organized cataloging 
of experience, 
Each of the groups will be divided into 
tables of ten participants to discuss its 
subject informally. All groups will re- 
convene after lunch and listen to con- 
densed reports on each of the smaller 
discussions. By this method the specific 
problems and questions of a majority of 
the members of the audience can be 
considered, and areas of agreement and 
disagreement of the total group can be 
summarized. 


Discussion Forum Staff 
American Society for Metals 
7301 Euclid Ave., Cleveland 3, Ohio 
Please send further information and 
application forms concerning 
the Discussion Forum on Die Wear 


and Die Life in Stamping Operations. 


Three Discussion 
Groups: 
1. Minimizing Die Wear by 


2. Minimizing Die Wear by 


3. Effect of Press Speed on 


Die Design 


Part Design 


Die Life 


Fill in the attached coupon now, indi- 
cating your interest in joining one of 
the discussion groups on October 11. 


Name. 


City and State 
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Blast Furnace 
Construction by Welding 


Digest of “A Welded Blast 
Furnace and Ancillary Equip- 
ment”, by TT. Birchall, The 
Welder, July 1955. 


HE INCREASED production of Brit- 

ish industry has made heavy de- 
mands on iron and steel producers 
and many blast furnaces have been 
put into production. Since the fabri- 
cation and erection of a blast furnace 
requires a considerable tonnage of 
steel, any saving in weight which can 
be introduced by changes in design 
or fabricating methods is of very 
great importance. 

This article describes the fabrica- 
tion and erection of a large blast fur- 
nace and its accessories where con- 
siderable savings in weight were 
realized by use of welding wher- 
ever practicable. The furnace has a 
hearth diameter of 21 ft. and is de- 
signed to produce 3500 to 4500 tons 
of pig iron per week. The steelwork 
and machinery were erected in 13 
months. 

The furnace columns and lintel 
were fabricated by welding. The 
length of the column had to be exact 
and free from distortion. Seven 
pieces were assembled by welding 
to form the lintel which had to be 
level and form a true circle with an 
outer diameter of 38 ft. It is signifi- 
cant that the parts of the furnace 
where precision and freedom from 
distortion are of the utmost impor- 
tance were fabricated entirely by 
welding. 

Welding was also used in the fab- 
rication and erection of the hot blast 
stoves which were each over 22 
ft. in diameter and 110 ft. high. The 
gas cleaning plant was also of all- 
welded construction; the main struc- 
tures were the precoolers and three 
electrostatic precipitators. Welding 
was used wherever possible in the 
construction of the ore and coke 
bunkers, handrails, the cast house, 
overhead crane and valve bodies. 

Radioactive isotopes were used 
to control the quality of the weld- 
ments. A mobile unit visited the site 
every four to six weeks. All the films 
were developed on the site and the 
welders were allowed to see the ra- 
diographs of their own work. This 
was found to encourage them to turn 
out high-quality work. 

This paper contains a great deal 
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J-M BLAZECRETE 
speeds refractory repairs... 


That's why it pays you to use this 
hydraulic setting refractory for temperatures to 3000F 


REPAIR old refractory linings—or 
build new ones—quickly and eco- 
nomically with Blazecrete*. For trow- 
eling, just mix Blazecrete with water 
as you'd mix ordinary concrete... 
then slap-trowel it in place. 


When gunned, it adheres readily 
with a minimum of rebound loss. 
Either way, Blazecrete goes on fast 
- +» without laborious ramming or 
tamping. And Blazecrete linings last. 


Three types of hydraulic-setting 
Blazecrete are available. All harden 
on air curing, do not require prefir- 
ing. They are furnished as a dry mix 
. can be stored safely for use as 
needed. 


3X BLAZECRETE—For temperatures 
through 3000F. Unusually effective for 
heavy patching, especially where brick- 
work is spalled or deeply eroded. Excel- 
lent for forge furnace linings, lime kilns, 
U.S, Pat, Of. 


Whether you gun it... 


(! 
or slap-trowel it... > 


anville BLAZECRETE 


burner blocks, soaking pits, and indus- 
trial boilers. 


STANDARD BLAZECRETE—PFor tem- 
peratures through 2400PF. Makes repair 
work easier and less costly. Can be used 
by boiler manufacturers to replace fire 
clay tile in wall construction. Suitable 
for use in combination with 3X Blaze- 
crete and L. W. Blazecrete. 


L. W. BLAZECRETE— For temperatures 
through 2000P. An insulating refractory 
. «+ light in weight, low in thermal con- 
ductivity. Adaptable and economical for 
many other applications. 


Send for Brochure RC-28A on Blaze- 
crete and its companion material, Fire- 
crete*... the hydraulic setting castable 
refractory for making 
special shapes and lin- 
ings. Write Johns- 
Manville, Box60,New 
York 16, N.Y. In 
Canada, 199 Bay St., 
Toronto 1, Ontario. 


BUILDS BETTER REFRACTORY LININGS 


Blast Furnace .. . 


of detail on the welding methods 
that were used. However, the most 
important fact is that it was possible 
to develop practical methods that 
could be used to erect such large 
structures with the required degree 


of precision. R. C. Sunay 


Case Hardening 
Accelerated 
by Cyclic Stresses 


Digest of “The Effects of 
Cyclic Stressing Upon Diffusion 
in Plain Carbon Steels”, by H. 
Schenck and E. Schmidtmann, 
Archiv fiir daa Eisenhiitten- 
wesen, Vol. 25, November 1954, 
p. 579-583. 


ates of diffusion govern the time 
required for surface treatment 
of steels and the transformation and 
precipitation processes which occur 
in the solid state. The rates can be 
changed by the application of stress 
and in this paper the effect of cyclic 
stressing upon the carburizing, nitrid- 
ing and chromizing of a rimmed 
basic bessemer steel is evaluated. 

The carburizing experiments were 
carried out in a mixture of 60% finely 
ground charcoal and 40% barium 
carbonate. Case depth was deter- 
mined by microscopic examination, 
microhardness traverses and chem- 
ical analyses of successive 0.1-mm. 
thick layers. 

Comparison between specimens 
pulsated at 0.2% strain and un- 
stressed specimens carburized at 
1650 and 1740° F. revealed a marked 
increase in case depth in the stressed 
steel. The percentage increase in 
case depth is greater at the lower 
temperature and the carbon content 
at the same depth is greater in the 
stressed than unstressed specimens. 

The effect of static deformation 
before and during carburizing was 
also studied. Some specimens were 
elongated 2% before the start of the 
cycling and others were elongated 
after one hour of carburizing under 
the alternating 0.2% strain and then 
the cycling was continued. Defor- 
mation before cycling produces no 
effect. The variation of microhard- 
ness with depth for the specimen 
stretched during carburizing differs 
considerably from the normal varia- 
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with basic facts about alloy steels. Though much of the 
information is elementary, we believe it will be of interest 


XVI | This is the sixteenth of a series of advertisements dealing 


to many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to time, 


Copper: Its Principal Effects 
in Alloy Steels 


One of the best known of all metals, 
copper certainly needs no introduc- 
tion here. Its uses are legion. It is 
one of the best conductors of heat 
and electricity. It is popular with 
the housewife, essential to the engi- 
neer. But possibly not so well known 
is its very important function as an 
alloying element in certain types of 
steels. So used, copper increases re- 
sistance to atmospheric corrosion 
and also acts as a strengthening 
agent. 

Since copper does not oxidize in 
the steel melt, it can be added at 
any time during the course of the 
heat. Pure copper melts at about 
1980 deg F. 

Copper is added to steel in vary- 
ing amounts. The actual proportion, 
of course, depends upon the end 
product in mind. Some of the most 
widely used copper-bearing steels 
are those containing from 0.20 to 
0.50 pet. In these, copper has been 
found to increase corrosion-resist- 
ance without materially affecting 
mechanical properties. It has 
been found, too, that paint frequent- 
ly lasts longer on such steels than 
on the non-copper-bearing types. 

Among the best known of the 
copper-bearing steels are the high- 
strength, low-alloy grades developed 
in recent years. Generally speaking, 
the ductility of steels in this group 
is comparable to that of conven- 
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tional structural steel. The yield 
strength, however, is usually higher. 
Copper, working as a team with 
chromium, nickel, and phosphorus, 
substantially raises the level of cor- 
rosion-resistance in these steels; yet 
its presence does not adversely affect 
welding characteristics. 

Copper-bearing steels are a sub- 
ject in themselves, a subject in 
which Bethlehem metallurgists are 
well versed. If you would care to 
know more about this interesting 
group of steels, feel free to con- 
sult with our technicians. They will 
gladly work closely with you and 
help with any problems you may en- 
counter. And please remember, too, 
when you need alloy steels of any 
kind, that Bethlehem manufactures 
the full range of AISI standard alloy 
grades, as well as special-analysis 
steels and all carbon grades. 


lf you would like reprints of this entire series 
of advertisements, Nos. I through X V1, please 
write to us, addressing your request to Pub- 
lications Dept., Bethlehem Steel Company, 
Bethlehem, Pa. The material is now available 
in a convenient J32-page booklet, and we 
shall be very glad to send you a free copy 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast pe EM 


Steel Corporation, Export Distributor 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 


| | 


YOU GET BETTER RESULTS 
HEAT TREATING., 


WITH THIS” 
IMPROVED QUENCHING 
TEMPERATURE CONTROL 


Photograph... Permission of Ford Motor Co. 


@ Use the NIAGARA AERO HEAT EXCHANGER to control 
the temperature of your quench bath and you remove the heat at 
its rate of input, always quenching at the exact temperature that 
will give your product the best physical properties. You get uniform 
results throughout the day’s production, prevent losses, avoid 
rejections, increase your heat treating capacity. 

The Niagara Aero Heat Exchanger transfers the heat to atmos- 
pheric air by evaporative cooling. It extends your quenching capa- 
city without using extra water. It pays for itself with water savings. 

In the installation illustrated the quench is caustic soda. Water 
also is accurately cooled and the system is easily kept clean. With 
an oil quench an extra advantage is to prevent flash fires. 

You can cool and hold accurately the temperature of all fluids, 
air, gases, water, oils, solutions, chemicals for processes and cool- 
ants for mechanical and electrical equipment. With the Niagara 
Aero Heat Exchanger you have closed system cooling, free from 
dirt and scale. 


For further information write for Bulletin No. 120 


NIAGARA BLOWER COMPANY 


Dept. MP, 405 Lexington Ave. New York 17, N.Y. 


District Engineers in Principal Cities of United States and Canada 


Case Hardening . . . 


tion and resembles the curve for a 
specimen carburized under a cyclic 
stress producing 1% permanent de- 
formation. In the latter the surface 
hardness is lower and the fall of 
hardness toward the core more grad- 
ual. The results indicate that a per- 
manent deformation accelerates the 
diffusion of the carbon towards the 
core and prevents its build-up at the 
surface. 

In order to determine whether the 
jolting of the specimen, which pro- 
motes more intimate contact between 
the carburizer and specimen, was 
not the major factor in increasing 
the case depth, box-carburized speci- 
mens were pulsated at 1740° F. This 
treatment reduced the case hardness 
and reduced the difference in car- 
bon content between the case and 
core. Specimens subjected to ultra- 
sonic vibrations during carburizing 
had a greater case depth and a high- 
er carbon content in the case than 
was produced by cyclic straining 
0.2%. Since the elastic deformation 
produced by the ultrasonic generator 
was smaller than that produced me- 
chanically it seems that it is the total 
energy input that exerts the decisive 
influence on carbon diffusion. Metal- 
lographic examination of pulsated 
specimens suggests that the diffusion 
occurs principally along the grain 
boundaries. 

The effect of cyclic stressing on 
nitriding was studied and it was 
found that the depth of the nitrided 
case increases as the amount of elas- 
tic deformation increases. 

The rate of diffusion of chromium 
into the steel was measured on 
chromized and  chromium-plated 
specimens. Penetration of chromium 
in the absence of cyclic stressing was 
negligible but was appreciable in 
the stressed specimen. The chro- 
mium diffusion zone was followed by 
a zone enriched in carbon and then 
a zone low in carbon. Cyclic stress- 
ing destroyed the chromium plate 
so that only small amounts remained 
on the specimens. 

The authors give no theoretical 
discussion of their results but the 
work does establish that cyclic 
stressing accelerates the diffusion of 
carbon, nitrogen and chromium. The 
frequency as well as the amplitude 
of cyclic straining is important. 
W. A. Morcan 
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The Buyers Guide 
For Metals Engineers 


RUST: “+ TOOLS OF SCIENCE are protected by electroplated rhodium 
A 


from effects due to formidable temperature extremes — as encountered 
QUEOUS SYSTEM 


in application of nuclear developments to electronics, instrumentation, 
laboratory exploration, etc. Very hard (775-820 Vickers) and resistant 


to wear, rhodium is highly resistant to corrosion in all atmospheres and 
a ad to corrosive agents including boiling Aqua Regia. Used as shielding or 
Grade C-W-25 as surfacing, only a deposition of rhodium is needed to ward off such 
- temperature-range effects as corrosion, disintegration, malfunctioning, 
Non flammable shortened life, transmutation, Amount of protection can be precisely 
Non-toxic predetermined and accurately implemented because Technic method 
Aqueous Oily Film of electroplating positively controls amount of deposition. Technic, Inc., 
q furnishes rhodium electroplating solutions; designs and installs equip- 
Protects Ferrous Parts ment for electroplating rhodium with scientific control — Technic 
for long Periods engineers stand by until performance is assured. Send us your problems, 
Indi St Write for indispensable data sheet — “Electroplated Rhodium” — 
andoor orage describing physical and electrical properties, corrosion resistance, electro- 
we ny een eee lating specifications, etc. TECHNIC, INC., 39 Snow Street, Provi- 
— — uC dence, R. 1. * Chicago Office — 7001 North Clark Street. 
, INC. 


755 BOYLSTON STREET 


Advertisement 
BOSTON 16, MASS 


Advertisement Advertisement 


LIST NO 


116 ON INFO-COUPON PAGE 168 


Precious Metal Processes 
FOR INDUSTRIAL APPLICATIONS 


Developed specifically for industrial application, Sel-Rex Pre- 
cious Metals offer many advantages over conventional proc- 
esses. One gram of Sel-Rex BRIGHT GOLD, for example, does 
the job of 2 grams of regular 24 K. gold, because the deposits 
are more dense and twice as hard. Gives mirror bright finish 
directly from the bath, regardless of thickness requirements — 
eliminates costly scratch brushing, buffing and burnishing. 


Sel-Rex BRIGHT RHODIUM meets the need of today's 
precise engineering applications with A. 8. C.— Automatic 
Stress Compensation — a special technique which counteracts 
the high stress characteristics of conventional precious metal 
electroplates. Non dusting Sel-Rex Silver SOL-U-SALT is 
added directly to the plating bath, eliminating time consuming 


filtering or mixing — a@ cost cutting advantage exclusive 
with Sel-Rex. 


Sel-Rex Precious Metals, Inc. 


Gept. 229 Moin Street Belleville 2. 
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Noble Metal SotRea 
are put 
by AMPHE 


CIRCO VAPOR DEGREASERS—lorge 
or small—automatic or manual oper- 
ation 

CiIRCO METAL PARTS WASHERS 


custom engineered to suit your pro- 
duction needs 


CIRCO-SONIC DEGREASERS — "ew- 
est development—cleaning by ultra- 
EQUIPMENT COMPANY 
119 Central Avenue, Clork (Rahway), N. J. CiRCO-SOLY [Trichlorethylene) and 
Offices and warehouses in principal cities pep. SOLV (Perchlorethylene) — high 
purity, low-cost solvents 


FREE! Write for 32-page CIRCO Degreasing Manual 
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FABRICATED MONEL 
PICKLING EQUIPMENT 


¢ Hairpin Hooks * Sheet Crates 
Steam Jets Chain 


¢ Mechanical Bar, Tube and Coil Picklers 
THE YOUNGSTOWN WELDING & ENGINEERING CO. 


3721 OAKWOOD AVE. YOUNGSTOWN, OHIO 
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MANHATTAN 


Abrasive Wheels — Cul-off Wheels 
Finishing Wheels—Diamond Wheels 


Custom-made for your specific 
material removal problems 


Foundry Snagging—Billet 
Surfacing—Centeriess Grinding 


Cutting and Surfacing concrete 
granite, and marble 


“Moldises” for rotery sanders 
Grinding and Finishing 
stainless steel welds 
Bearing Race Grindiug 

and Finishing 
Finishing Tools and Cutlery 
Cutting-off—Wet or Dry Bars, Tub- 
ing, Structurals, etc. Foundry Cutting 
—standard and reinforced wheels 


Grinding Carbide Tipped Tools 
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ULTRASONIC CLEANING 


SONOGEN”’ 


Ultrasonic-Power Generators with hermetically- 
sealed barium-titanate Transducers — 40Kc /sec. 


Transducer Radiating Areas of “4 sq. ft to 10 
sq. ft. — for use in solvents and detergents 


Eliminates hand operations — Reduces rejects 
in plating, finishing, assembly. 


For washing, degreasing, removal of buffing 
compounds, radioactive contamination, soldering 
flux, plaster, carbon smut, etc 


Literature upon request. 
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Grade "B" 
FERROUS 

METAL PROCESSING 

Eliminates . . . 
Rust 
Fire Hazards 
Toxicity 
Dermatitis 
Degreasing 

Write for free sample ond 

Specify Grade 


RODUCTION SPECIALTIES, INC. 
755 BOYLSTON STREET 
BOSTON 16 MASS 
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if 
Metal Cleaning Equipment CUTS costs | 
SINCE 1923 
ea 
Write to Abrasive Wheel Departmer 
Raybestos- -Manhattan, tan, Inc. 
Typical Transducer Arrangements 


A FULL LINE OF MIXERS 


For Your Quenching Operations 


Sturdy, dependable units for 
any size or shape, new or ex- 
isting quench tanks; for single 
or multiple installations. 
PORTABLE — easy to 
mount, and quickly od- 
justable to best, uniform 
agitation. Sizes 1/4 to 
7% HP. 
FIXED—top-entering and 
side-entering units for 
pre-determined quench 
results. Sizes | to 25 HP 


¥ 


FOR COMPLETE CATALOG WRITE TODAY 


ALS OP ENGINEERING 


CORPORATION 
1104 Morris Street — Milldale, Connecticut 
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FREES 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 
Quenching Oils with 
QUENZINE added 
For information on 
this new additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write to... 


. 
INDUSTRIAL OILS, Inc. 


140th Cleveland 11, Obie 
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the most advanced 
Salt Bath Furnaces 
FOR 


BATCH 
CONVEY ORIZED 


ALUMINUM 
BRAZING 


with continuing 
graphite electrodes 


See us at 
Booth No. 1509 


National Metal Show 


UPTON ELECTRIC FURNACE CO. 
16808 Hamilton Avenue 
Detroit, Michigan 
Phone: Diamond 1-2520 


Upton 
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DEPEND ON 
fo meet your 
specitications 


Du-Lite black oxide finishes for steel, 
stainless, copper, zinc or malleable iron 
provide a uniform, durable surface 
without altering the dimensions or physi- 
cal characteristics of the metal. That's 
why they are often specified right on 
the biveprint. 

And since the Du-Lite process is simple, 
flexible, and imposed at non-critical tem- 
peratures, you can depend on the results 
to meet your specificotions— always. 
Du-Lite black oxide finishes also meet 
govt. specs. MIL-F-13924, superseding 
57-0-2C Type Ili Class A for steel and 
Class B for stainless (Type Il Class B and 
C phosphates), and MIL-P-1201 1, super- 
seding 51-70-1A para. 22.03 Class C 
for Copper and Copper Alloys. 
Whatever your metal cleaning or finish- 
ing problem, consult— 


DU-LITE CHEMICAL CORP. 


MIDDLETOWN ONN 
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You can profit by our experience. Let us put 


Stanwood 


There is a Stanwood Maen near you for con- 
sultation without obligation when you have 
problems involving equipment for handling parts through 
heat treating, quenching, pickling, degreasing or similar processes. For « gen- 


eration we have specialized in the design and construction of baskets, trays, fixtures, hangers, 
carburizing boxes, retorts and furnace parts. 
you in touch with your Stanwood Man. 


CHICAGO 39, ILLINOIS 


ar 
|| 
| 
Stanwood 
INE 
OR FIXT PRY 
WS 
< 22. Gtoctalon 
wr 4817 W. CORTLAND ST 
JPON 168 
163 


BASKET 


for de-greasing — pickling 
anodizing — plating 
materials handling 
small-parts storage 

of any size and shape — 
any ductile metal 

by 

THE C. O. 


JELLIF 
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for all 
industrial 


MFG. CORP. 
28 Pequot Road 
Southport, Conn. 


WIRETEX | 
Pit Furnace 
ASSEMBLY 


cuts treating time 50% | 
lowers labor costs 66% 


A well known pouncey customer* substituted WIRETEX Inconel 
baskets and {rames for cast iron pote and carriers for their pit 
type heat tre ting furnaces and discovered a way to save hundreds 
dollars in labor, materials maine enance and replacements 
Ket of all... production sky roe 

WIRETEX on baskets can rs same for youit'll pay 
to investigate 


Specialists in jencsuien corriers since 1932 


Wiretex wi... 


Bridgeport 5, Conn. 
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"HEAT TREATING 
_ FURNACES 


for 
Every Heat Treating 
Process 
* 
CONTROLLED 
ATMOSPHERES 
* 
DIRECT FIRED 
* 
CIRC-AIR DRAW 
FURNACES 
* 
CIRC-AIR NICARB 


(CARBONITRIDING) 
» 
Specially Engineered 
or 
Your Particular Needs 


GAS ¢ OIL © ELECTRIC 
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WHATEVER YOUR HEAT TREATING PROBLEM MAY BE 


fin 


. there is a helpful Holden brochure that provides engineering 
data and assistance for you. Let us send the booklets that relate to 
your operations —without obligation, of course. Bulletin 200 covers 
Salt Baths; 201—Pot Furnaces; 203—Cleaning and Descaling; 
204 —Pressure Nitriding Process; 205 —Iindustrial Furnaces and 
New Luminous Wall Firing; 206 —Austempering and Martempering. 


HOLDEN METALLURGICAL PRODUCTS GIVE 
YOU MORE FOR YOUR MONEY... 


LESS SUPERVISION.. 


MANUFACTURING PANTS 
t mach. ANGELES, CALIF. 


3.5405) (LUdiow 1.9153) 


LIST NO, 127 ON INFO-COUPON PAGE 168 


164 


= 
HAVEN, 


(State 7.58865) 


REQUIRE 
HAVE PROVEN PER- 
FORMANCE AND PROVEN GUARANTEES... 


THE A. F. HOLDEN COMPANY 


SWIFT CASE 560 
LIQUID CARBURIZER 


FOR...A tougher, more dur- 
able case 


... Fast, free washing 
Maximum versatility 


Completely water soluble—free washing 
even after oil quenching—higher hard. 
ness with maximum toughness and surpris- 
ing production economy! 


Send today for technical deta sheets 
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A 
S, ay 
Wiretey 
* © MUFFiEs 
Screens 
RETORTS 
INDUSTRIAL 
ph acids, heat 
@sion or 
“re. Small, HEATING E ; 
; Made in ever 
|| 
| 
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BARBER 


ww) Impressor 


for quick, on-the-spot hardness testing 
of non-ferrous metals and plastics 


SOLVED with 


Simple to operare . . . gives an instant, depend- 
able measure of hardness Operates on principle 
of forcing a spring-loaded indenter into the sur- 
face with the amount of penetration registering 
on a dial indicator. Can be used in any position 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 


Compact... rugged, yer Electronic Equipment for non-destruc- 
weighs only 12 oz. Thousands used by industry. tive production inspection of steel bars 
/ ) thousand sotisfied users P 
Write today for complete details. More ton Soe TESTIFY YOU wire rod, and tubing for mechanical 
Barber -Colman Company faults, variations in composition and 
Dept. G, 1218 Rock St., Rockford, Iilinois SAVE 3 WAYS t physical properties. Average inspection 
WITH A LUCIFER FURNACE speed 120 ft. per minute, 
Over 80 installations in steel mills 
1—Save on First Cost end tabrieating plante. 
kK K N T 14 XN CHECK THESE PRICES 
Furnace Size 2000° 2300: 
6x 6x12" $ 500.00 $ 600.00 
Ox 9x18" 750.00 
12x12x24” 1000.00 
1500, 00 1600.00 MAGNETIC ANALYSIS 
Complete with 100°: automatic 
electronic controls. SPECIAL EQUIPMENT 
2—Save on Man Hours Electronic Equipment for non-destruc- 
Less attention tive production inspection of beth non- 
XACT SPECIFIED 
one SPECIFIED temperature magnetic stainless and high feomperature 
tion, No special experience required when you use steel bers and tubing—seomless or 
© Lucier Furness welded—as well as non-ferrous bars and 
3—Save on Maintenance tubing. Mechanical faults, varietions in 
Finest refractory materials are built inte Lucifer composition and physical properties are 
Guaranteed’ tone tren detected simultaneously. Average 
WRITE FOR FREE LITERATURE, specifications inspection speed 200 ft. per minute. 
and price list of Lucifer Furnaces in wide range Over 30 installations in mills and 


of sizes—top leading and side loading types. 
Engineering advice without obligation. 
wire or phone toda 


fabricating plants. 


Applies 1 to 10,000 gram loads 
Write for Bulletin 


Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 
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= ELECTRIC FURNACES 


FIRING 


MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instruments for production 
sorting both ferrous and non-ferrous 
materials and ports for variation in 
composition, structure and thickness of 
sheet and plating. 


MAGNETIC ANALYSIS 
DEMAGNETIZERS 
Electrical Equipment for rapid and 


efficient demagnetizing of steel bars 
$96.00 1 3116.06 used with Magnetic 

au nalysis Multi-Methed Equipment, in- 
79 $205 00 $225.00 


Pols $480.00 | $528.00 
| 14 xia” | $525.00 | $603.75 
| 12 nae” | S715 00 | 
| $775.00 | $887.50 
[$1125.00 [$1917 50 
Automatic Controls Available on ell Models 


spection and demagnetizing con be 
done in a single operation 


MODEL P2472-1 


MAGNETIC ANALYSIS 


@ Infinite zone tem- @ Patented element MAGNETISM DETECTORS 
perature control holders 
@ lone tempercture in- @ infinite variety of inexpensive pocket meters for indi- 
dication by Pyrometer time-temperature cating resid ti in ferrous 
’ Selector Switch curves obtainable 


materials and ports, 


@ Automatic hold and @ Rugged construction 


cut-off instrument Highest quality insu 
ovailable lotion used 


OVER 40 STANDARD MODELS * WRITE FOR LITERATURE 


INDUSTRIAL DIVISION For Details Write: 
MANUFACTURING CO.| | | MAGNETIC ANALYSIS Corp. 


42-441 be island City 1, ¥. 
“THE TEST TELLS” 
LIST NO. 138 ON INFO-COUPON PAGE 168 
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INC. 
PA. 
| 


Get these important 


FIELD REPORTS 


on Metalworking Lubrication with 


MOLYKOTE® LUBRICANTS 


...@ “MUST” in every metalwork- 
ing shop and design department 


. -» hundreds of case histories from 
customer files . . . prepared especial- 
ly for the metalworking industry . . . 


Phone: MOntrose 2-6100 


Automatic Welding . .. 
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2 830 Miles Avenue 


HOW OFTEN SHOULD TESTING 
EQUIPMENT BE CALIBRATED? 


. frequently, to maintain true dependa- 
bility. To achieve the ultimate in reliability, 
many manufacturers insist on periodic check- 
ing with Morehouse Proving Rings. 


These precision instruments are sensitive to 
within .0OOO1 inch... keep your equipment 
at “razor edge” accuracy. Their calibrating 
range is from 50 to 300,000 Ibs. Certified 
by the National Bureau of Standards. Write 
for new, illustrated brochure. 


Also investigate Morehouse Ring | MOREHOUSE MACHINE COMPANY 
Dynamometers, Weighing and “World Leader in Precision Calibration” 
Calibrating Systems. 233 West Market Street * York, Pennsylvania 


in providing the correct— 


Stainless and Heat Resistant Arc Welding Electrodes 


—place a trusted guarantee back of your welding operations. 


MAURATH, 
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A CABLE SPLICED GET A BID FROM 
IN 10 seconps| HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


ERICO PRODUCTS, INC. OMA 
Complete Arc Welding Accessories THE HOOVER COMPANY 
2070 E. Gist Place, Cleveland 3, Ohio <-  Die Castings Division 


Write for Caddy Catalog North Canton, Ohio 
LIST NO. 71 ON INFO-COUPON PAGE i168 LIST NO. 74 ON INFO-COUPON PAGE (68 


Call Mr. Electrode... His years of experience and leadership 


Ask the Man Who KNOWS Stainless Welding... 


(a 
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a 
> 
a Se ~ 
bd -send for them today. 
‘THE ALPHA MOLYKOTE CORPORAT | 
Arnulfstrasse, Munich 19, 
q 
' 
‘ 
: 


HARDNESS TESTING 
SHORE SCLEROSCOPE 


Pioneer American 
Standard Since 
1907 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 
C Hardness 
May be used 
freehand or mounted on 
bench clamp. 


OVER 40,000 
IN USE 


SHORE INSTRUMENT & MFG. CO., INC. 
90-35M Von Wyck Exp., Jamaica 35, N.Y. 


Rockwell 


Numbers. 
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Patent Pending 
Accurate tensile specimens machined 
from .002”-.125” ferrous & non fer- 
rous sheet in less than three minutes! 


Makes all these © 
Products BETTER! 


RIG 
155% stiff 


lighter, 


cu. ft. 
Metal. Lighter than alumint 


ler of same capacity. 


L 


IN 
BRINELL 
AND 
VICKERS 
TESTS 


v 


SAVE 
TIME and 
TROUBLE 


Eliminate the Tedious 
Microscopic Measurements 
of the indentations. 


Use Gries REFLEX 


Zeiss Automatic Pro- 
jection System 


\ Machines with Carl 


INVESTIGATE 


Write for Bulletin We. 


GRIES INDUSTRIES. INC. 
Testing Machines Division 


NEW ROCHELLE 3,N Y 


NO. 13% ON 


INFO-COUPON PAGE 168 


The New 


‘*‘DERMITRON’’ 


FAST 


ACCURATE 
PORTABLE 
COMPACT 
DIRECT 

READING 


For 
Non-C 


Metals on Metals 
onductors on Metals 


NON-DESTRUCTIVE 
THICKNESS TESTER 


Metals on Non-Conductors 
You can have 100 of pre 
of nearly any pomible coating of almost 
The firt and only non-destructiy 
ives fast, acourate, direct of “eh com 
inations as silver on bras opper on sine, metal 


In epeet ion 


wlaction 
any base 


TENSILMARK for rapid and accurate scribing 
of gauge marks on specimens. 


SIEBURG INDUSTRIES 


HORSE PLAIN ROAD @ NEW BRITAIN, CONN. 
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Reduce your assembly problems and costs. 
Our shapes continuously formed, with ~— 
degree of accuracy, 


from ferrous or 


ferrous metals. Write for Catalog No. 1083. 


3761 OAKWOOD AVE. + YOUNGSTOWN, OHIO 
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See Sweet's Design File 1a/Ri 


or write for information. 


Representatives in 


WRITE FOR F 


DA UNIT 


pelnt 


ASSEMBLIES, INC. 


6) East Fourth Street @ New York 3, 


on metals without the 


ULL INFORMATION 


PROCESS 
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New Bondable 


Teflon and Rulon’ 
in tape, film, other forms 


Most people thought Teflon and Rulon could never be strongly 


bonded or cemented to other materials. 


no common chemicals attack them 
and non-adhesive. 


No solvents affect them — 


they are extremely slippery 


But Dixon is now supplying Bondable Teflon and Rulon and in thin 
strips and film that may greatly reduce your costs. 


Write for 8 page bulletin 
*Dupont’s tetrafluoroethylene resin 


DIXON Corporation 


BRISTOL 2, RHODE 
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The 1955 Supplement to 
the Metals Handbook 


@ 200 Large Pages 
@ 214 Tables 
@ 256 Charts 
@ 411 IMustrations 


Order now a copy of the clothbound 
1955 ee to increase the use- 
fulness of your ASM Metals Hand- 
Star stainies book. The Supplement gives an au- 
s stean—bright—chiny—heeds A PROVEN thoritative survey of facts on these 
p scaew co. DEPENDABLE SOURCE subjects: 
9 — = Bivd., Paterson 2, N. J FOR BETTER GRADE INVESTMENT 
(am Telephone: Little Falls 4-2300 CASTINGS IN FERROUS AND Sheet Steel 
mm Direct NEW YORK ‘phone WI 7-904! 
ie NON-FERROUS METALS Press Forming Dies 


LIST NO. 97 ON INFO-COUPON BELOW Gray Cast Iron 
( Special Feature Stainless Steel 
— Nickel content Aluminum Alloy Castings 
held 35% min- 
WHITELIGHT Closed-Die Forgings 


STAINLESS STEEL PART for milk 


your comprehensive independent bottling unit formerly machined Surface om 
mill source of meqnesiom elley from solid stock. Residual Stresses 


Tubes © Rods © Shapes Bars Electroplated Coatings 
ions require 
ere reaming small Induction Hardening 


Riveted structures and assemblies dia. of counter. , Flame Hardening 
bored hole and 


drilling and tap- ; Gas Carburizing 

ping for oot serow. Control of Surface Carbon 
Heat Treating of Tool Steel 
Manual Arc Welding 
Metal Cleaning Costs 


WHITE METAL ROLLING ~ Creep and Creep-Rupture Tests 


a Radiography of Metals 
& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, N. Y. Macro-Etching of Iron & Steel 


Sales Office : 
376 Lafayette St., New York 3, N. Y. Each article gives a —— 


coverage of its subject, with informa- 
tion limited to essential facts. This 
authoritative survey was prepared by 
19 ASM technical committees com- 


LIST NO, 67 ON INFO-COUPON BELOW 


READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
7301 Euclid Avenue, Cleveland 3, Ohio 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


— 179 outstanding engineers. For 


complete details of contents, see 
August 15, 1955, issue of Metal Prog- 
ress, which contains the articles being 
offered in this clothbound edition. 
Price is $4.00 to ASM members, 
$6.00 to nonmembers. 


(Please check) 


Send Catalog Nearest 
or Engineer- i Source of 
ing Data Supply 
American Society for Metals 


Room 790, 7325 Euclid Ave. 
Cleveland 3, Ohio 


Please rush me the 1955 Supplement to the Metals 
Handbook. 


(Bulletin Board Item Number) 


Zone State 
Check enciosed () Bill me Bill my company 
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100% Mechanical Operation 


The Heroult is the only 100% mechanically operated 
electric furnace on the market! All of the movements are 
handled by motor-driven gear mechanism. 

This is a very important advantage—as any engineer 
will readily tell you, for it eliminates so many mainte- 
nance difficulties. 

There is nothing about the operation and servicing of 
the motor-driven, heavy-gear mechanism of the rugged 
Heroult that any good maintenance man can’t easily 
take care of himself. Seldom, if ever, will you find it 
necessary to call in an outside maintenance man to keep 


your Heroult performing efficiently. 

Modern Heroult electric furnaces are available in sizes 
ranging in holding capacity from 6,000 Ibs. up to and 
in excess of 400,000 Ibs. Both gantry and swing-type 
roof-moving mechanisms are available. Door-charging 
furnaces and furnaces of special design, including units 
equipped with austenitic steel bottoms to permit induc- 
tion stirring, can also be supplied. 

We welcome an opportunity to help you select and 
install the Heroult best suited to your requirements. An 
inquiry to the nearest office will bring complete details. 


AMERICAN BRIDGE DIVISION 


UMITED STATES STEEL CORPORATION, GENERAL OFFICES: 525 WILLIAM PENN PLACE, PITISSURGH, PA. 


Controcting Offices in New York, Philedelphie, Chicago, Sen Francisco, ond other principal cithes. 
United Stotes Stee! Export Company, New York 


SEE THE UNITED STATES STEEL HOUR. It’s a full-hour TY program presented every 
other week by United States Steel. Consult your local newspaper for time and station. 


at Exclu . 
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Brittleness in 
Copper-Antimony Alloys 


Digest of “The Intergranular 
Brittleness of Single-Phase Cop- 
Alloys”, by L. M. 

. Hopkins, Journal of the In- 
stitute of Metals, Vol. 84, 
February 1956, p. 102-108. 


OPPER-ANTIMONY ALLOYS show 
intergranular brittleness at low 
temperatures but become tough as 


the temperature is raised, the transi- 
tion temperature increasing with 
antimony content. No precipitated 
phase is visible but there is a faint 
grain-boundary film which has been 
attributed to “equilibrium segrega- 
tion” resulting from the great differ- 
ence in size between the copper and 
antimony atoms. This investigation 
was undertaken to determine if the 
brittle-to-ductile transition could be 
obtained after treatments that would 
be entirely within the single-phase 


SCIENTISTS 
ENGINEERS 


for a future with a 
steep growth curve 


look to Westinghouse 


Commercial 


Atomic Power 


CAPA—Commercial Atomic Power Activity —is the nucleus of the 
most dynamic new division at Westinghouse, the leader in Atomic 
Power. Our growth is bound to be steep—as electric power demand 
and atomic power production pyramid sharply. 


We're ‘‘fluid’’—not fixed. New supervisory jobs open up fast! 
We're entirely commercial—not dependent on government con- 
tracts. Opportunities for advanced study at company expense Get 
in on the “industry of tomorrow” today . . . at Westinghouse CAPA. 


immediate Openings for professionally established men and 


those just starting their careers: 


Physicists + Physical Chem- 


ists Chemical Engineers + Mechanical Engineers + Electrical 
Engineers Designers Metallurgists. 


Please mail résumé of your professional and 
business background to: C. S. Southard, West- 
inghouse Commercial Atomic Power, Box 355, 
Dept. 136, Pittsburgh 30, Pennsylvania. 


WATCH WESTINGHOUSE ! 


FIRST IN ATOMIC POWER 


region of the equilibrium diagram. 

Seven alloys made from electro- 
lytic metals and containing between 
0.9 and 2.5% antimony were em- 
ployed. Standard Charpy impact 
specimens were machined from hot 
rolled %-in. diameter rods and tensile 
specimens were obtained from mate- 
rial machined to % in. diameter and 
cold swaged to % in. diameter. The 
impact specimens were heat treated 
at 1290° F. and either slowly cooled 
at 18° F. per hr. or quenched in 
water, oil or lead. 

The alloys were brittle and re- 
quired little energy to cause failure 
at both high and low temperatures 
but at some intermediate tempera- 
ture the ductility increased. The 
temperature at which maximum 
ductility occurred was independent 
of composition although its value 
decreased with increasing antimony 
content. The slowly cooled test 
samples required smaller energies to 
produce failure at both high and low 
temperatures than the quenched 
samples. The losses in impact 
strength due to high and low-tem- 
perature brittleness and the changes 
brought about by altering the cool- 
ing rate took place at temperatures 
at which all of the antimony should 
have been in solid solution. 

The alloys showed sharp yield 
points at all test temperatures from 

320 to 930° F. At some tempera- 
tures, there were indications of strain 
aging during the test. The tensile 
tests were used to measure the ef- 
fects of composition, rate of strain- 
ing, rate of cooling and grain size 
on the tensile properties. The re- 
duction in area values indicated that 
these alloys are brittle at both low 
and high temperatures but are 
ductile in the intermediate tempera- 
ture range. The mean temperature 
of the ductile range is relatively un- 
affected by composition or grain size 
but is lowered by a decrease in the 
strain rate. Quenching from the 
annealing temperature decreased the 
low-temperature brittleness, but did 
not affect the high-temperature 
brittleness. The brittle samples at 
both high and low temperatures ex- 
hibited intergranular fractures. 

The tensile strengths of the alloys 
generally decreased as the test tem- 
perature was increased, but at inter- 
mediate temperatures a plateau or 
peak occurred which corresponded 
to the beginning of the marked fall 
in ductility. Indications of strain 


METAL PROGRESS 


— 
save Fr. 
= 
170 


“Production time slashed from minutes to seconds... 


In this Gas-fired bonding oven at Laher Spring 
and Tire Corporation, Oakland, California, brake 
linings are molded to brake shoes under pressure. 
With their modern Gas-fired equipment, Laher turns 
out six times as many brake sets as they did with 
their old equipment—with pronounced savings ! 

To develop this two-line inverted furnace, Laher 
worked closely with Heat and Controls, Inc. and 
the local Gas company. The result was an efficient, 
compact oven and production line that cut pro- 
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thanks toG4S” 


duction time from minutes to seconds. What's 
more, the adhesion is many times stronger, giving 
a better product. 

The advantage of Gas is already apparent at 
Laher. For information on how Gas can help you 
in your production operations, call your Gas 
Company's industrial specialist. He'll be glad to 
discuss the economies and results you get with 
Gas and modern Gas-fired industrial equipment. 
American Gas Association. 
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Cu-Sb Alloys . . . 


aging first appear at the temperature 
of this plateau or peak. From the 
tensile tests made at various speeds 
the apparent activation energy for 
strain aging in the 1.7% antimony 
alloy was 28,300 cal. per mole. 
Migroscopic examination of failed 
samples did not reveal a precipitate 
even/under the electron microscope 
although grain-boundary grooves 
were visible. Low-temperature 
brittleness was found to be accom- 
panied by little intergranular crack- 
ing except for the fracture itself, 


whereas in the test pieces fractured 
at high temperatures, many inter- 
granular cracks occurred which were 
well removed from the failure. 

The low-temperature brittleness 
begins at temperatures where the 
structure consists entirely of a single 
phase. The presence of a yield point 
in the most dilute alloy shows that 
there is marked segregation of anti- 
mony in the disturbed atomic struc- 
ture. It is reasonable to believe that 
equilibrium segregation at the grain 
boundaries in these alloys occurs at 
all temperatures. Both low and 
high-temperature embrittlement oc- 
curs in the presence of equilibrium 


LARGEST 
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LOFTUS 


FURNACES 


Soaking Pits 


@ Melting and Holding 
Furnaces 


@ Heat Treating Furnaces 
@ induction Heating 


Drop Bottom Furnace 


As designers and constructors of the most modern, 
efficient furnaces for the aluminum industry, 
Loftus recently completed the world’s largest 
Vertical Travel Type Drop Bottom Metal Treat- 
ing Furnace. Commenting on this ultra-modern 
installation, our customer says: “Loftus can be 
proud of pioneering this type of furnace for the 
metal treating industry."” Whatever your furnace 
requirements, you can depend on Loftus for the 
best possible heating at the lowest possible cost. 


Write today for complete details 


ENGINEERING CORPORATION 


Designers ond Builders of Indusinal Furnes 


610 Street, Pittsburgh 22, Pennsytvente 


segregation, but it is unlikely that 
this segregation is the cause of em- 
brittlement. 

It is suggested that low-tempera- 
ture brittleness is influenced by 
stress concentrations set up at the 
end of slip planes. High-tempera- 
ture brittleness possibly occurs in the 
presence of excess vacancies. 


R. F. HantTMANN 


Factors Affecting 
Extrusion Force 


Digest of “The Present Posi- 
tion of Impact Extrusion Tech- 
nique,” by Robert Chopin, 

resented at the Joint Metal- 
urgical Societies meeting in 
France, June 1955. 


HE RELATIONSHIP between the 

extrusion force required during 
each stage of the reverse impact 
extrusion process and the energy 
absorbed by the workpiece has been 
studied at the Centre Technique 
de YAluminium in France to de- 
termine the capabilities of the proc- 
ess. The initial tests were conducted 
on 99.5% aluminum extrusions 60.5 
mm, in diameter with wall thick- 
ness of 0.75 mm. 
hydraulic press. 


formed on a 


Several distinct steps are apparent 
from records of instantaneous pres- 
sure. Because the entire cycle is 
completed in less than 0.4 sec., the 
variation in pressure cannot usually 
be observed. The pressure builds up 
initially to some critical value at 
which the material begins to move. 
At this point the pressure drops 
suddenly and this release of pres- 
sure is sometimes accompanied by 
a noise like an explosion. The alter- 
nating increase and sudden release 
of pressure is repeated until the 
extrusion is completed. 

If all the energy expended in 
forming an extrusion is assumed to 
have been used to heat the work- 
piece, the temperature increase of 
the extrusion could not exceed about 
310° F. If all this heat were ab- 
sorbed by the walls of the extrusion, 
the temperature increase could not 
be more than about 380° F. so 
temporory fusion cannot occur. 

Tests conducted on a 600-ton 
mechanical press indicated that 
maximum extrusion force is inde- 
pendent of the bottom thickness 
when thickness exceeds a minimum 
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These diesel locomotive shafts have just been 
completely reconditioned at National Forge and are 
ready for installation. 


RECONDITIONING DIESEL LOCOMOTIVE SHAFTS 


@ National Forge has been well recognized 
as a supplier of quality crankshafts for original 
equipment for over forty years. Through these 
years we have kept abreast of the steadily in- 
creasing demands for greater quality and work- 
manship. 

Now this experience and “know how” have 
been applied to the problem of reconditioning 


worn crankshafts. National Forge has established 


NATIONAL FORGE AND ORDNANCE ‘COMPANY 


PRODUCES BETTER STEEL FORGINGS. AND MACHINE WORK 


AUGUST 1956 


a complete and separate department for this 
rebuilding which includes a newly developed 
chromium plating process and facilities for 
straightening, grinding and polishing. 
National Forge offers you this complete re- 
building service for your worn crankshafts. We 
will be pleased to have your inquiries and will 
be glad to have our field representatives discuss 


this service with you. 


PENNSYLVANIA 
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HOW CHACE THERMOSTATIC 


BIMETAL ACTUATES THE 


GAS 
PILOT 


A Product of 
EverHot Heater Co. 
Detroit, Mich. 


Modern living calls 
for more hot water 
— more often what 
with frequent bath- 
ing, automatic dish- 
washers, home 
laundries, etc. But 
modern living also demands safety and the EverHot 
Deluxe Gas Automatic Water Heater, whose pilot is 
actuated by Chace Thermostatic Bimetal, provides 
economy, efficiency and safety in good measure. 


This device combines the functions of burner and pilot 
jets. The flow for the burner heat is controlled by the 
temperature of the water in the tank through the main 
gas inlet (A). The heat of the gas pilots at (B) and (C) 
causes the bimetal element (D) to flex upward, raising 
the valve (E) from the valve seat, and the valve wiil 
remain open as long as the pilot lights burn. Should 
the pilot light be extinguished, the element will cool 
and the bimetal element will assume its normal posi- 
tion, lowering the valve to its seat and cutting off 
the main flow of gas. 


Chace Thermostatic Bimetal is available in 28 types, in strip, coil or 
completely fabricated and assembled elements made to your specifica- 
tion. Write for new 44-page booklet, “Successful Applications of Chace 
Thermostatic Bimetal,” containing interesting uses of bimetal, for- 
mulas, calculations, etc. 


W. M. CHACE CO. 
Thermorstalic Bimeltal 


1626 BEARD AVE., DETROIT 9, MICH. 


Extrusion . . . 


value of about 1 mm. The force 
increases with increase in_ initial 
slug thickness but varies nonlinearly 
with change in wall thickness. 

Brinell hardness seems to give a 
more accurate indication of the force 
required for extrusion than any other 
mechanical property. For light al- 
loys, there is practically a linear 
relationship between Brinell hard- 
ness wumber and extrusion force 
for a specific extrusion ratio and 
slug thickness. 

The results of the laboratory 
investigation have indicated the 
possibility of making asymmetric 
extrusions. A rectangular extrusion 
50 * 30 mm. has been produced 
with a wall thickness of 0.22 mm. 
on the long sides an@0.29 mm. on 
the short sides. Its height was 300 
mm. which was the maximum 
capacity of the tools available. 

C. O. Smirn 


Notched-Bar Properties 
of Ship Plate 


Digest of “Investigation of In- 
fluence of Deoxidation and Chem- 
ical Composition on Notched- 
Bar Properties of Ship Plate 
Steels”, by F. W. Boulger, R. H. 
Frazier and C. H. Lorig, Weld- 
ing Research Council, Bulletin 
No. 26, April 1956, 18 p. 


HIS INVESTIGATION of the effect of 

small changes in composition on 
the impact properties of semikilled 
steels was undertaken to learn more 
about the fracture characteristics of 
ship plate steel. About 400 steels of 
two different base compositions were 
used. One was similar to the com- 
position of A.B.S. Grade A steel, the 
alloy used in ships during World 
War II. The other base composition 
was similar to that of A.B.S. Grade 
B steel. 

The transition temperatures of 
the steels were determined with key- 
hole Charpy and Navy tear tests. 
The criterion for the Charpy transi- 
tion temperature was taken as the 
temperature where the average ener- 
gy value was either 12 or 20 ft-lb. 
It was found that by using either en- 
ergy level, the same general conclu- 
sions regarding the ductile to brittle 
transition of the steels were obtained. 
The 12-ft-lb. transition temperature 
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RARE 


ARTHS AND 


WEIGHT 
Conditioning 


After Conditioning 


WEIGHT 
Conditioning 


After Conditioning 


SIZE 
Conditioning 


After Conditioning 


The troubles of producing low carbon steels 
have been mainly confined to rolling and surface 
preparation. 

Since production economies are necessary, 
it’s important to know what marked improve- 
ments have recently been obtained by Rare 
Earths in steel production. Minimizing bloom- 
ing mill cracking, less conditioning time per 
ton, and increased yields are some of the results 
already proven. More than 200 production heats 
of low carbon steel show production savings 


Great Botiéieg CORPORATION OF AMERICA 


which alert steel operators can use to advantage. 

This recent progress further justifies eco- 
nomical rare earth additions for iron and steel. 
Commercially known as RareMeT Compound, 
it is conveniently packaged in ten pound 
containers. 

Operating the world’s largest rare earth 
deposits, Molybdenum Corporation of America 
welcomes requests for additional technical appli- 
cation data for specific problems. Complete and 
immediate response to inquiries is offered. 


Pittsbergh 19, Pa. 


Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Seles Representotives: Brumiey-Donaldson Co., Los Angeles, San Francisco 


Subsidiary: Cleveland Tungsten, inc., Cleveland 
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Plants: Washington, Pa., York, Pa. 
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ARTIFICIAL 
| || SKIN 
! FOR 
TENDER 
METALS 


Many metals cannot stand exposure to atmosphere, sea- 
water, chemicals or the normal wear and tear of everyday 
usage. To protect them against these inescapable hazards, 
metallurgists equip them with a thin, rust-proof, tough plated 
skin, often ornamental. 


Electroplating materials are important products at the 
Federated Metals Division of American Smelting and Refining 
Company. Copper, zinc, cadmium and silver anodes of all types 
and sizes are produced. Well-known Conducta-Core lead anodes, 
with an extended useful life and superior throwing power were 
developed by Federated Research. 


Federated is also a source of plating chemicals . . . nickel 
salts and Cadmax and Zimax, new addition agents that make 


cadmium and zinc plating bright and attractive instead of dull 
and frosty. 


Federated plating materials are available from distributors 
throughout the United States. Or, if you would like more details 
on how to get better plating at reasonable cost, write to us di- 
rectly. Our broad experience with all kinds of non-ferrous metals 
has made us ‘Headquarters for Non-ferrous Metals."’ 


DIVISION OF AMERICAN SMELTING AND REFINING COMPANY herrned 
120 BROADWAY, NEW YORK 5, N. Y. 
in Canada: Federated Metals Canada, tid., Torente and Montreal 


Aluminum, Anodes, Babbitts, Brass, Bronze, Die Casting Metals, Lead, Lead Products, Magnesium, Solders, Type Metals, Zinc Dust 


Ship Plate . . . 


was more discriminating for steels 
which fracture at room temperature 
with comparatively little deforma- 
tion. The transition temperature in 
the tear test was taken as the temper- 
ature where the probability of brittle 
fracture was the same as the proba- 
bility of ductile fracture. For this 
purpose tear-test specimens which 
developed a fracture area less than 
50% fibrous were classified as brittle. 

A decrease in carbon content or an 
increase in manganese content low- 
ers the transition temperature. The 
effectiveness of manganese additions 
decreases at high manganese levels. 
To determine whether brittle cracks 
would propagate at lower stresses in 
the low-carbon alloys, the authors 
tested steels using the Standard Oil 
Development test. The results indi- 
cated that a reduction in carbon 
content may actually increase the 
stress required for brittle fracture 
and that the manganese content had 
little influence on this property. 

Phosphorus and nitrogen additions 
raise the transition temperature but 
sulphur content in the range from 
0.023 to 0.050% has no appreciable 
effect. An increase in silicon content 
in the range from 0.01 to 0.20% low- 
ers the transition temperature. Above 
0.20%, the effect of silicon variation 
appears to depend upon the carbon, 
manganese and aluminum contents 
and the type of test. 

To evaluate the effect of alumi- 
num, 51 heats of steels containing 
0.10% silicon or less were tested. The 
transition temperatures decreased as 
the aluminum content was increased 
to 0.25%, but in one instance a steel 
containing 0.27% aluminum gave a 
higher transition temperature. The 
authors offered no explanation for 
this behavior. An important finding 
of this part of the investigation was 
that the reduction in the transition 
temperature varied with the silicon 
content. The addition of aluminum 
is most effective in steels containing 
0.01% silicon. The smallest reduction 
in transition temperature was found 
with steels containing 0.10% silicon. 

Other alloying additions were also 
studied and it was found that they 
did not affect the transition temper- 
ature if present in small amounts. 
The effect is negligible if titanium is 
less than about 0.08%, vanadium and 
molybdenum less than 0.10% and 
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Steel Pipe 


Curtiss-Wright’s Metals Processing Division now 
offers the petroleum, petrochemical and power in- 
dustries a line of high-quality, extruded steel tubu- 
lar products to meet the most severe demands of 
modern processing. Inherent corrosion and heat- 
resistant properties of the steel alloys used are 
amplified by extrusion because the finished tube is 
produced with only one heat, in one pass of the 
giant 12,000 ton press .. . formed under compres- 
sion ina matter of seconds without seams, in lengths 
up to 50 feet. Extra margins of resistance to cor- 
rosion and heat are built in easily by extruding 
heavier pipe wall thicknesses at no sacrifice in pro- 
duction speed. The most up-to-date quality control 
facilities, including ULTRASONIC TESTING, 
are employed in production. 


Curtiss-Wright’s extrusion facility is a specialty 
mill, ideally equipped for the production of special 
purpose, premium quality tubing. Conformance to 
A.S.T.M. specifications and other exacting stand- 
ards is assured by an experienced engineering staff 
and the most modern metallurgical testing equip- 
ment, 


When higher pressures and temperatures, or 
more corrosive service conditions demand more 
than the ordinary in large diameter pipe, let Curtiss- 
Wright serve you through the nearest Metals Proc- 
essing Division Branch Office, or write to the Main 
Office address shown below. 


78 Grider Street, Buffalo, New York 
METALS PROCESSING DIVISION 


CURTISS-WRIGHT 


CORPORATION © BUFFALO, NEW YORK | 


ELECTRONICS NUCLEONICS © PLASTICS METALLURGY ULTRASONICS AVIATION 
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| THAT ASSURES MORE PRODUCTION - 


LESS “DOWN TIME’. UNIFORM RESULTS 


FEWER REJECTS - 


These special pit type furnaces with a work space of 48” 

dia. x 156” deep are typical of furnaces designed and built 
by Hevi Duty Electric Company to solve unusual heat 
treating problems. 


The Hevi Duty return bend type heating elements are zoned 
to provide uniform temperatures in the entire depth of the 
work chamber. For more information on how Hevi Duty 

Pit Type Furnaces can help you... 


Write for Bulletin HD-451 


HEVI DUTY ELECTRIC COMPANY 


MILWAUKEE 1, WISCONSIN 
Heat Treating Furnaces... Electric Exclusively 
Dry Type Transformers Constant Current Regulators 


Ship Plate... 


zirconium less than 0.04%. The Char- 
py test indicated that larger quan- 
tities of zirconium may be beneficial. 

Reducing the temperature of the 
final hot rolling pass generally low- 
ered the notched-bar transition tem- 
peratures of semikilled steels. The 
A.B.S. Class A steels rolled in com- 
mercial mills showed this consistent- 
ly but data for 13 commercial Class 
B ship plates were inconclusive. 
Plates cooled from 1600 to 1700° F. 
in air had small ferrite grains and in 


these steels the transition tempera- 
ture was decreased about 30° F. for 
a reduction in grain size of one A.S 
T.M. number. Samples which were 
austenitized at 1800 or 1900° F. had 
coarser ferrite grains and their tran- 
sition temperature was higher. 

The complete data indicate that 
normalizing from temperatures 
around 1650° F. can reduce the 
transition temperatures of ship plate 
and the reduction expected can be 
estimated from the change in ferrite 
grain size produced by heat treat- 
ment. The change in grain size de- 
pends on the finishing temperature 
during rolling, the rate of cooling 
from the finishing temperature, plate 
thickness, composition of the steel 
and normalizing treatment. 

W. A. Morcan 


Evaluation of Cumulative 
Fatigue Damage 


Digest of “Cumulative Fa- 
tigue Damage of Axially Load- 
ed Alclad 75 S-T6 and Alclad 
248-T3 Aluminum-Alloy 
Sheet”, by Ira Smith, Darnley 
M. Howard and Frank C. Smith, 
National Advisory Committee 
for Aeronautics, Technical Note 
3293, September 1955. 


METHOD of assessing fatigue 

damage under varying stress 
levels during cyclic loading is 
extremely important because very 
few service applications are at con- 
stant stress levels. In 1945 M. A. 
Miner proposed a cumulative dam- 
age concept which stated that if 
a specimen would fail under a given 
stress pattern in N_ cycles, the 
fatigue damage at n cycles is n/N 
fraction of total failure. Therefore, 
if a specimen is loaded cyclically 
under a number of different stress 
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Plan Now to Attend a New Kind of ASM Technical Session 


Discussion Forum on 


Die Wear and Die Life 
in Stamping Operations 


under the general chairmanship of 


Paul G. Nelson 
The Budd Co. 


Thursday morning and afternoon, October 11, 1956 
at Cleveland Public Auditorium 
38th National Metal Congress and Exposition 


Purposes: 


To exchange ideas and experiences on die 
wear and life. 

To attempt agreement on uniform methods of 
recording data on die wear and die life for 
developing further information on die per- 
formance, leading to organized cataloging of 


experience, 


Three Discussion Groups: 


1. Minimizing Die Wear by Die Design. 
2. Minimizing Die Wear by Part Design. 
3. Effect of Press Speed on Die Life. 


Each of the groups will be divided into tables 
of ten participants to discuss its subject 
informally. All groups will reconvene after 
lunch and listen to condensed reports on 
each of the smaller discussions. By this 
method the specific problems and questions 
of a majority of the members of the audience 
can be considered, and areas of agreement 
and disagreement of the total group can be 
summarized, 


Discussion Forum Staff 
American Society for Metals 


Fill in the attached — 7301 Euclid Ave., Cleveland 3, Ohio 


now, indicating your interest 
in joining one of the discus- 
sion groups on October 11. 


Please send further Name 
information and... 

application forms Title . 

concerning the 
cussion Forum on 
Wear and Die 
ife in Stamping 


Company . 
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If you're interested 


prof table 


ingvacuum metallurgy... 


consider these CEC vacuum pumps 


Models Where they are being used 

KB-300 = Titanium Sponge Production and Carbide Sintering 
K$-600 Up to 50 Ibs. Melting and Casting 

KB-1200 1000 Ib. Consumable Electrode Arc Melting 

KB-1500 Multi-Batch Carbide Sintering 

K$-2000 Up to 300 Ib. Melting and Casting @ | to 10u pressure 
KS$-4000 Up to 500 |b. Melting and Casting @ | to 10u pressure 


KJ-5000 Up to 1000 Ib. Melting and Casting @ 5 to 25y pressure 

KS$-16000 Up to 2000 Ib. Melting and Casting (@ 0.6 to 10u pressure 
Til Vacuum-melted metals and alloys are past the pilot-plant 
i a! stage—ready for profitable mass production. 


Vacuum-melted metals are purer, tougher, and more uni- 
form than metals melted in standard furnaces. Because that’s 
true, the market for vacuum-melted metals is expanding rapid- 
ly. New uses for these superior metals appear daily. 

Our aim is to help you take advantage of this situation. We 
supply production vacuum equipment such as the pumps 
briefly described above. Better yet, our engineering staff is 
ready to work with your metallurgical engineers to find an- 
swers to your particular problems. We are equipped to design 
and build a variety of furnaces ranging from 
laboratory units to 1000-pound capacities and 
higher. 

Why not contact us for further information? 


Consolidated Electrodynamics 
CORPORATION 
ROCHESTER DIVISION, /ormerly Consolidated Vacuum 
Rochester 3, N. Y. 


Sales Offices: Albuquerque + Atianta + Boston + Buffalo « Chicago + Dallas + Detroit 
New York + Pasadena « Philadelphia « San Francisco « Seattle « Washington, D. C. 


Fatigue .. . 


conditions, the total damage is the 
sum of the individual n/N values 
and is equal to a factor, D. If Miner's 
concept holds, D will equal one at 
failure. 

A great deal of research has been 
conducted on the effects on D values 
of various stress and cycle patterns. 
Most of the work has been done on 
steels. The work reported in this 
paper concerns itself with two alumi- 
num alloys, 2024 and 7075. Only 
two stress levels were used in any 
one test, applied in complete re- 
versal. In some tests the high stress 
level was used during the first por- 
tion of the test for a predetermined 
number of cycles; in others the low 
stress level was used first. Specimens 
were usually run to failure at the 
second stress level. In a few tests 
short series of cycles at very high 
stresses were applied first and then 
the test was run to failure at the 
lower stress level. 

Tests at stress level combinations 
of 30,000 and 60,000 psi. yielded 
D values between 0.805 and 0.879 
when the low stress was applied 
first and 0.729 to 0.896 when the 
high stress was applied first. The 
differences between the two sets 
of D values are probably not im- 
portant but the values suggest that 
the dual-stress test damages speci- 
mens faster than a simpler single- 
stress test. The importance of this 
minor reduction in D value is prob- 
ably slight. 

Some values for D over 1 were 
obtained in a series of tests designed 
to explore the effect of “prior dy- 
namic stressing”, which means appli- 
cation for a few cycles, of stresses 
high enough to produce some yield- 
ing. Some of the tests produced 
average D values as high as 1.44. 
When the low stress level was 
applied first, no pattern of variations 
in D values developed. 

The data indicate that fatigue 
life of either of the alloys, in 0.032 
and 0.064-in. sheet, can be pre- 
dicted from Miner's cumulative 
damage ratio within 20% for at least 
72% of the tests and within 10% 
for 40% of the tests. The value of 
the damage ratio, D, in predicting 
fatigue life in dual-stress tests was 
found to be unimpaired by choice 
of stress amplitude or mean stress. 

M. W. More 


METAL PROGRESS 


« 
4 14 090 —--+ - + 
K 4.2000 \\ 
1000 
fe 500 ¢.f.m. mech. pump 


years’ continuous service with 


pa 


O 


@ A large Eastern Producer of oval- 
shape wire for loose-leaf notebook rings was experiencing ex- 
cessive wear and pick-up. The high scrap rate was making the 
item unprofitable. Metal Carbides service engineers were called 
in to determine if Talide rolls could correct the trouble. Hi-carbon 
wire was being reduced on a 2-hi cold rolling mill to an oval 
shape .100” thick x .156” wide. Considerable stress and pressure 
was required to deform the wire to proper shape. 


Our engineers designed a roll incorporating a carbide sleeve 
having 3 grooves ground in periphery and mounted to a special 
alloy steel arbor. The initial pair of rolls was installed in 1948 
and has been in continuous service ever since. Due to their 
extreme hardness it has not been necessary to remove them from 
the mill during this 7-year period—not even for a regrind! Size 
and shape of wire has been perfectly maintained. Customer 
has since installed similar rolls on all their mills. 


SUPERSET GRINDING WHEEL 


The Superset diamond grinding wheel was spe- 
cially developed for grinding carbide rolls to 
highest possible surface finish and luster. Made of 
4-8 micron size diamond dust, it imparts a surface 
finish far superior to any other commercia! wheel. 
Available in sizes up to 25” diameter. 


EXCLUSIVE REPAIR SERVICE 


Broken or damaged carbide rolls can be 
re-worked to first class condition with all 
detects eliminated at one-half original cost. 
Only Metal Carbides offers this service— 
because of its exclusive hot press method. 
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Lalide ROLLS 


40 TIMES MORE TONNAGE 


ROLL LIFE INCREASED 
278 to 1! 


All users of Sendzimir 
rolling mills have adopted 
Talide work rolls because 
operating results have 
been phenomenal, far sur- 
passing all expectations. 
Tremendous production 
runs are commonplace 
with mill after mill report- 
ing increased tonnage runs 
between roll changes of 
278-1, 179-1, 82-1, etc. 


Large Steel Producer cold rolls 
forty 3,000 Ib. coils (60 tons) of 16-6 
stainless steel, series 300, on 4-hi 
mill with one pair of solid Talide 
rolls with no surface wear, even 
though strip work hardens to 50 


Rockwell “C” in one pass. 
Platter, smoother strip pro- 
duced-—even when rolling 
intermittent widths. 40 
pairs of steel rolls were 
required previously to pro- 
duce same tonnage. 


| 
4 | 
6 
a 
/ 
(OKO) 
£33 
, = 
Taide Rolis are made ia 
W(TALIDE’) 
Youngstown 12, Ohio. _ HOT PRESSED AND SINTERED CARBID METALS: 
HEAVY METAL + CERMETS +» HIGH TEMPER oY 
Send for new 64-page catalog 56-6 OVER 25 YEARS’ EXPERIENCE IN TUNGSTEN CARBIDE METALLURGY 


COVER-TYPE ANNEALER 


Faster and More Uniform 
Heating Rate 


Extra large volume of recirculat- 
ing atmosphere 


Highest Production per Unit 


Versatility 


Can be used for bright annealing, 
normalizing, nitriding, or sphe- 
roidizing coiled wire or strip— 
ferrous or nonferrous. 


High Efficiency 


No radiant tubes. 


Long Hood Life 


No flame impingement. 


Full particulars and 
recommendation 
for any job on request. 


CONTINENTAL INDUSTRIAL ENGINEERS, INC. 
176 West Adams Street, Chicago 3, Illinois 


Gear Tooth Wear 


Digest of “Measuring Gear 
Tooth Wear”, by George Uberti, 
Journal of American Society for 
Naval Engineers, Vol. 68, Feb- 
ruary 1946, p. 151-153. 


REATER hardness and improved 

finish of gear teeth will permit 
stress increase or size reduction for 
a given application. Both are neces 
sary in gears designed for minimum 
size and weight without sacrifice 
in reliability. To obtain better gear 
performance, extensive tests of con- 
ventional and advanced types of 
ship main reduction gears are con- 
ducted at the U.S. Naval Boiler and 
Turbine Laboratory. The quantities 
measured after test runs include 
tooth involute profile and helix 
angle, tooth spacing, circular and 
normal pitch. Standard commercial 
measuring machines are employed 
for most sizes of main propulsion 
gears. 

Tooth wear (that is, the difference 
in thickness before and after oper 
ation) is a more difficult quantity 
to determine. Standard commercial 
measuring machines measure vari- 
ations and deviations rather than 
absolute changes. Gear tooth vernier 
calipers measure only in units of 
0.001 in. but tooth wear is in the 
order of 0.0001 in. and requires a 
more precise instrument for mean- 
ingful measurements. 

A device to make such measure- 
ments incorporates three microm- 
eters arranged to position a measur- 
ing finger which contacts a 0.0001- 
in. dial indicator. Thickness can be 
measured at any desired depth by 
turning the micrometers to a_pre- 
determined setting. After adjusting 
for proper thickness and depth, the 
zero setting is obtained by inserting 
gage blocks of the thickness speci- 
fied for the gear tooth between the 
finger and frame, and setting the dial 
to zero. The dial then reads devi- 
ation in 0.0001-in. increments from 
the specified thickness. This tech- 
nique allows determination of tooth 
wear except at the ends of the tooth 
where wear has a somewhat greater 
significance. 

Routine gear inspections include 
a series of profile checks taken along 
the tooth length. 

Repetition of these measurements 
after operation of the gears allows 
detection of shape changes includ- 
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MALLORY: SHARON 


reports on 


Now 
TITANIUM 


ALLOYS 


can be machined 

in “soft” condition 

.. 
TREATED TO 
HIGH 
STRENGTHS 


“PHYSICAL METALLURGY AND HEAT 
TREATMENT OF TITANIUM ALLOYS” 


This authoritative 60-page book published by 
Mallory-Sharon defines and clarifies titanium 
alloy heat treatment and recommended prac- 
tices. Data is based on an investigation carried 
out under Navy contract at the Mallory-Sharon 
Research Laboratory. Price $1 each; order 
copies from Matlory-Sharon Titanium Corp., 
Dept. | -B, Niles, Obio. 
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@ New heat treatable titanium 
alloys can be machined and 
formed readily, yet offer excep- 
tionally high heat treated 
strengths in final form. And 
titanium has the highest 
strength-to-weight ratio of any 
metal in the temperature range 
of 250°-800°F. 


For example, Mallory-Sharon’s 
MST-6AI-4V titanium alloy is 
available in the annealed con- 
dition with typical ultimate 
tensile strengths of 140,000 psi. 


Here machineability is com- 
parable to that of stainless steel, 
After machining, parts can be 
heat treated to typical ultimate 
tensile strength of 185,000 psi. 


This is another example of the 
rapid development of titanium 
—in which Mallory-Sharon has 
played a leading role. Call us 
for the full range of titanium 
and titanium alloy mill prod- 
ucts, and for engineering as- 
sistance in fabrication and 


application. 


MALLORY-SHARON TITANIUM CORPORATION, NILES, OHIO 


MALLORY 


SHARON 
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BELTS 
CAN “TAKE” IT, literally and figuratively 
Heat resistant 
Chemically resistant 
Abrasion resistant 
Ashworth Metal! Belts combine Product 
Processing and Material Flow 


Keep Your Product on the Move 


WRITE FOR 


ASHWORTH BROS., INC. MLUSTRATED CATALOG 


WINCHESTER, VIRGINIA. 


Sales Ailenta + Bole Charlote,N C + Che ago * Cleveland + Dalles Dewow 
Greenville, $C + Los Angeles Louwville New You Philadelphia + Rochester 
Seattle + S Loum Paul + Conadion Rep , PECKOVER'S LID. Toronto Montreal 


Y OIL HARDENING 
DRILL ROD CROMOTUNG is ideally suited for 


, taps, drills, reamers, dies, etc., and 


especially suited for small and 
cManactens medium size heavy duty punches, 
oon when properly hardened and drawn 
to suit individual conditions. Gen- 
un erally, 57-58 Rockwell “C” is rec- 
ommended, and higher hardness 
wear, rather than breakage, 
is the problem. 
won CROMOTUNG possesses’ great 
strength, toughness and high com- 
pressive value, 
BRANCHES 
CROMOTUNG attains high hardness from the 
Sedatnin Git quench and requires a substantial draw, to result 
7 in the frequently used hardness range of 59-60 
tag. Rockwell “C”’. 
FREE LITERATURE—PERSONAL EXPERT ATTENTION UPON REQUEST 
St. Louls 6, Mo. 
i 1617 North 7th Street 
| cama ZIV STEEL & WIRE CO. 
1053 Custer Drive 2945 W. Harrison St. ypage CHICAGO 12, ILL 


Gear Tooth Wear .. . 


ing such things as tooth end load- 
ing, rounding of tips, root interfer- 
ence and other signs of nonuniform 
wear. No indication is given of the 
amount of wear between successive 
readings. If, however. the absolute 
wear is determined at any point, 
it is possible to deduce the amount 
of wear at any other point through 
which a profile or helix angle check 
is made. By combining the results 
of profile checks and absolute thick- 
ness measurements, it is possible to 
determine a two-dimensional plot 
of the wear over the surface of a 
gear tooth including the tooth ends. 
C. O. 


Rubber Forming 
Nonferrous Alloys 


Digest of “Rubber Pressing’’, 
by J. Fielding, Journal of the 
Institute of Metals, Vol. 84, 
February 1956, p. 147-159 


ONFERROUS aircraft parts which 

are needed in small quantities 

are often formed with rubber punch- 

es. The only equipment required is 

a female die, a press and a block of 
a special kind of hard rubber. 

Most dies used for aluminum are 
made of a paper-base synthetic resin 
called “Delaron” which is hard yet 
easily machined, although either 
plywood or a zine alloy could be 
used. Aluminum alloy parts are usu- 
ally formed within 2 hr. after solu- 
tion heat treatment, when ductility 
is high. There is then only 4 to 5° 
springback from a 90° bend, where- 
as in the aged condition, springback 
would be 8 to 12° for the same bend. 

To estimate the maximum permis- 
sible deformation, the minimum bend 
radius is determined and converted 
to a corresponding value of percent 
stretch. For bend angles below 80° 
the actual maximum stretch is less 
than the theoretical because defor- 
mation is spread over a larger area 
than just at the bend. 

The aluminum alloy commonly 
used in Great Britain is L 72 con- 
taining copper, magnesium, silicon 
and manganese. When this alloy is 
solution treated, flanges 2 to 4 in. in 
length can be stretched up to 42%; 
those 6 in. or longer can be stretched 
to a maximum of 30%. For a concave 
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NATIONAL ENGINEERING SERVICE 


on 
Heat and Corrosion Resistant Castings 


General Alloys Company products are backed 
by a national engineering service offering un- 
excelled mechanical and metallurgical Heat and 
Corrosion Resistant Alloys for all Defense and 
Industrial applications. 


"There is no substitute for Experience’”’ 


GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


BALTIMORE, Maryland CHICAGO, DETROIT 2. Michigan MINNEAPOLIS 6, Mina. MUNCIE, 
Emit Gathmann, ir. General Al General AN Company Warren Eckland George O. Desautets Co 
513 Park Avenue Edward T. Connolly Don B. Hut 2828 Lyndale Ava Seeth ?.0. 778 
224 Michigan Ave. 3-147 General Motors Bids. 408 Wyser Bleck 
BUFFALO, New York FORT WAYNE Indiana LOUISVILLE 7, Kentuoky NEW ENGLAND 
2254 Euclid Ave. West Maas. 
DENVER, Colorade HOUSTON 53, INDIANAPOLIS 6. Indians wew YORK 7, Now York 
BIRMINGHAM. Traey C. Jarrett Wm. Brice Co. The General Alloys Co. 
American Lite Bids. Ammons St. 303 Bastrop St. Bex 7011 Gwent 
PHILADELPHIA, Pa. PITTSBURGH 15. Pa. 
Joho P_ Clark Vincent ST. LOUIS 16, Misscert 
124 Easton 164 Fourth St. Associated Steet Milla, Ine. 
Glenside, Pa Sharpebers 15, Pa. 3163-65 Morgantord Road 


GENERAL ALLOYS COMPANY 


405 WEST FIRST STREET BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF HEAT & CORROSION RESISTANT CASTINGS” 


‘ 
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THERMOCOUPLE 


the head that’s ahead 
in every way... 


This new ‘'Serv-Rite’’ thermocouple head 
is actually small enough to be held com- 
fortably in the palm of your hand. But 
size is only one of the many features that 
make this thermocouple head realiy ex- 
traordinary. It is loaded with instaliation 
and service conveniences that any user 
of thermocouples will appreciate at once. 


The body is of malleable iron, cad- 
mium plated for durability. A new type 
friction lock assures easy removal or 
tightening of the cap—a quarter turn 
does it. An asbestos gasket makes the 
head dirt- and moisture-proof. With a 
choice of 2”, %”, or 1” IPS opening 
for the protecting tube, you can standard- 
ize on one style head. 


The connector block is of a material 
especially selected to withstand, without 
damage, temperatures up to 900° F. in 
continuous service. Improvements over the 
conventional type of inserts greatly sim- 
plify the making of the lead wire connec- 
tions. The complete thermocouple ele- 
ment, including connector block, can be 
easily withdrawn for inspection. 


Install a ‘‘Serv-Rite’’ thermocouple 
head and see for yourself how much 
better it really is. 


Write for complete details 


RDON 
J 


CLAUD S. GORDON CO. 


Manvfacturers Engineers Distributors 


Thermocouples & Accessories + Temperature Control 
instruments « Industrial Furnaces & Ovens 
Metallurgical Testing Machines 


613 West 30th Street, Chicago 16, Iilinols 
202! Avenue, Cleveland 14, 
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Rubber Forming . . . 


curved flange, the maximum strain is 
found only at the middle of the 
curve with the strain decreasing to 
zero at the ends. In stretch flanges 
the springback is about 1 to 3°. 

It is difficult to avoid wrinkles 
in rubber-forming convex curved 
flanges. The maximum shrink pos- 
sible without wrinkles is normally 
2 to 3%. In sheets 0.05 to 0.06 in. 
thick the wrinkles formed in shrink- 
ing up to 5% can be removed by 
handwork. Wrinkling can be mini- 
mized by using harder rubber and 
higher pressures. Other helpful tech- 
niques include (a) guiding the edge 
of the blank with a “slipper block”, 
(b) dividing the curved flange to 
be shrunk into a number of short 
segments, (c) providing recesses in 
the die for excess metal from the 
shrunk flange, (d) using steel pres- 
sure plates and draw plates for iron- 
ing out wrinkles, and (e) smoothing 
the wrinkles by hand soon after 
pressing. 

Magnesium alloys can be cold 
drawn only lightly without cracking, 
and rubber forming has been used 
occasionally at room temperature. 
In such work the springback is large 
and variable, there is considerable 
residual stress and fine cracks are 
difficult to detect. The 1.5% Mn alloy 
is the most suitable for cold forming. 
The minimum bend radius is eight 
times the sheet thickness, and the 
maximum permissible stretch in 
flanges is 5 to 7%. Flanges that re- 
quire shrinking give excessive trouble 
from wrinkles and springback. Stress- 
relieving for 30 min. at about 360° 
F. is necessary for all cold formed 
magnesium alloys. 

For hot pressing of magnesium a 
1-in. layer of heat resistant rubber is 
used as a facing over a natural rub- 
ber pad. Such facings will last for 
about 1000 pressed parts. The most 
satisfactory temperature for forming 
is 500 to 610° F., with an 80-sec. 
delay between removal from the 
furnace and actual pressing of the 
sheet. The dies are heated so that 
the hot sheet will not cool too rapid- 
ly. Plastics and zinc cannot be used 
for dies but cast iron, aluminum, or 
magnesium alloys are practical. 
Scrap aluminum castings are cheap- 
est and last longer in service. 

In hot formed magnesium flanges 
a stretch of 75% is possible. Here, 


NEW! 


The Book You Need 
for 1956 


BERYLLIUM 


Beryllium—What about its 
fabrication, its properties, its 
corrosion? What about beryl- 
lium in its pure form? 


These and many other ques- 
tions are answered in this re- 
markable new book, “The 
Metal Beryllium”. 


38 authorities are repre- 
sented in this volume, pub- 
lished as a result of a special 
symposium given at the east 
A.S.M. mid-winter meeting in 
Boston, and sponsored in co- 
operation with the Atomic En- 
ergy Commission. D. W. 
White, Jr., and J. E. Burke of 
the Knolls Atomic Power Lab- 
oratory of General Electric 
edited the 38 chapters of the 
symposium, plus 15 additional 
papers covering certain as- 
pects of beryllium in greater 
detail. 


Contents include an intro- 
duction, the importance of 
beryllium, occurrence of ores 
and their treatment, reduction 
to metal, processing and fab- 
rication, properties, the brit- 
tleness problem, metallogra- 
phy, corrosion, beryllium-rich 
alloys, cermets and ceramics, 
health hazards and analytical 
chemistry of beryllium. 


6x9 Red Cloth 
700 pages 
$8.00 


AMERICAN SOCIETY 
FOR METALS 


7301 Euclid Avenue, 
CLEVELAND 3, OHIO 
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Here for the first time is gas-fired 
equipment that gives you all the 

industry-proved advantages of 
the Homocarb™ method with 


frome Microcarb® Atmosphere Control: 


produet quality High production nate - Low operating eott 


You get completely “packaged” equipment which 3 The Gas-Fired Homocarb furnace combines all 
includes Microcarb Atmosphere Control, a Safe- the advantages of the Homocarb method 
Start Burner Control Unit and the Homocarb uniform carburizing, high production, operating 
furnace. economy ... in a gas-fired furnace 

1 Microcarb Atmosphere Control gives continu- For complete information just write us at 4927 


ous, automatic regulation of carburizing atmos- Stenton Ave., Philadelphia 44, Penna. 
phere during the entire heat treating cycle. 


2 The Safe-Start Burner Control Unit is a IN 

packaged”” combustion control assembly with | 

all operating and safety components mounted, LEEDS NORTHRUP 

wired and piped before shipment. instruments nT automatic controla « furnaces 
AUGUST 1956 
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Precise 


TEMPERATURE 
MEASUREMENT 


is one of the —— 


many applications of the 
TYPE B HIGH PRECISION 
POTENTIOMETER 


@ General purpose potentiometer with 

@ number of notable refinements, suiting 

it particularly to thermocouple work. 

Distinctive features include: 

@ Three ranges —0 to 16 millivolts, 0 to 
160 millivolts and O to 1.6 volts. 

@ Three reading dials—efiective scole 
length of approximately 175 feet for 
each range. 

© Subpanel switch and slidewire con- 
struction for protection of contacts 
from dust and corrosive fumes. 

@ Special provisions to minimize para- 
sitic thermal emf's—including avto- 
motic compensation of slidewire 
thermals and gold contacts in galva- 
nometer key. 

@ Exceptional conveni in reodi 
and adjustment. 

@ Solid and substantial construction for 
many years of trouble-free service. 
This standard laboratory patentiometer 
is also well suited for meter calibration, 
for checking portable potentiometers, 
and for other critical measurements of 
0.C. potentials requiring exceptionally 

high accuracy, 


Described in Bulletin 270 


SPOTLIGHT GALVANOMETER 
FOR SHOP AND LABORATORY WORK 


@ Sturdy, short period 
@ Sensitive (up to 1.5 HY per mm.) 
@ Multiple-refiection optical system 
@ 100-Millimeter scale 
@ For null or deflection measure: 


ments 
Described in Bulletin 320 


RUBICON COMPANY 


Electrical Instrument Makers 
3758 Ridge Avenue « Philadelphia 32, Pa. 
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springback is negligible. Bend radii 
of 1 to 2 times the sheet thickness 
are practical, For hot formed shrink 
flanges, the maximum possible shrink 
without wrinkling is 5 to 9%. Mag- 
nesium can be formed hot more 
easily than aluminum can cold but 
greater care is required. 

The forming behavior of wrought 
titanium is similar to that of the 
magnesium alloys. The commer- 
cially pure titanium sheets used for 
rubber pressing have about 56,000 to 
89,600 psi. tensile strength, 40,300 
to $2,900 yield strength and 15 to 
20% elmgation. Titanium formed 
slowly at room temperature has con- 
siderable springback and high in- 
ternal stress. The springback is about 
7 to 15° for sheets 0.015 in. thick 
and 6 to 12° for sheets 0.041 in. 
thick. Forming curved flanges cold 
requires high pressure because of 
the strength of titanium. Rubber 
pressing of stretch flanges in sheets 
less than 0.036 in. thick is possible 
when no more than 30 to 40% de- 
formation is required. Stress-reliev- 
ing for 10 to 30 min. at 930° F. is 
necessary after forming. Shrink 
flanges cannot be formed cold be- 
cause of wrinkles. 

Titanium can be formed better 
hot than cold, Less pressure is re- 
quired and there is less springback. 
The most suitable temperature is 
570° F. Heat resistant rubber is 
used but its service life is short 
because of the high pressure re- 
quired. The dies can be made from 
either a magnesium alloy or mild 
steel. The minimum radius for hot 
bending is equal to about half the 
sheet thickness. Springback is 1° or 
less with the minimum bend radius. 
Stretch flanges may be formed hot 
without cracking even up to a 50% 
stretch. For shrinkage flanges 6 in. 
long, curved to a 6-in. radius, in 
sheets 0.015 to 0.028 in. thick, the 
maximum shrink without wrinkles is 
3%. The discoloration caused by 
heating titanium to 570° F. is re- 
moved by pickling 10 to 15 min. in a 
water solution containing 40% HNO, 
and 2% HF at 150° F. 

Titanium sheets up to 0.036 in. 
thick can be formed by hot rubber 
pressing with the same equipment 
and the same practice as used for 
the magnesium alloys. 

G. F. 


Semi-continuous 
High Vacuum: 

Heat Treating 
Furnace 


HI-VAC Semi-Continuous Type Vacuum Furnace. 


practical desi gn 
assures fast, 
economical production 


Vacuum treatment improves the 
physical and mechanical properties 
of metals . . . and assures better fin- 
ished products. Now with the HI- 
VAC Semi-Continuous Vacuum Heat 
Treating Furnace, you have the effi- 
cient and practical answer to volume 
production. 


In this furnace, the material moves 
from the load zone, to the furnace, 
to the cooling zone without breaking 
the vacuum or temperature in the 
furnace. Precision controls and in- 
struments allow the operator to 
easily follow the progress and con- 
trol the results, 


HI-VAC Semi-Continuous Vacuum 
Furnaces are available in an unlim- 
ited range of sizes . . . for handling 
complete assemblies as well as var- 
ious metals in bar, pipe, tube, sheet, 
or rod form. 


Write to H1-V AC for valuable in- 
formation on vacuum equipment for 
beat treating, brazing, melting, sin- 
tering, metallizing, impregnating or 
crystal growing. We will be glad to 
show you in specific detail bow you 
can benefit from HI-V AC equipment. 


HIGH VACUUM 


Equipment Corporation 
349 Lincoln St., Hingham, Mass 
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Youre known by the 
Company you keep... 


and the impressive list of companies 
who use ACCOLOY Heat and 
Corrosion Resistant Castings 

and keep records of their 

long service life is a very 
convincing reason why 


these castings are 


"preferred by 


WEAT RESISTANT 


WEAT RESISTANT CASTINGS ALLOY ENGINEERING & CASTING COMPANY 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN ® ILLINOIS 


ENGINEERS AND PRODUCERS OF HEAT AND CORROSION PESISTANT CASTINGS 
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Air frame forging at Convair undergoes ultrasonic scrutiny for 
detects. Curtiss-Wright immersion testing techniques employing 
the Immerscope and accessories now provide means for rapid 
inspection of complex shapes on a production basis. 


pt” 


Curtiss-Wright ULTRASONIC IMMERSCOPE 
Gives CONVAIR Forgings Final Exam for Quality 


Metal parts used by the aircraft industry are subjected to 
quality tests at all stages, from raw material to finished 
components. To insure final quality control at Convair-Fort 
Worth®, the Curtiss-Wright Ultrasonic Immerscope quickly 
detects flaws and discontinuities. 

This ultrasonic detective “sees” through every square 
inch of the metal, with electrically induced sound vibra- 
tions up to several million cycles per second, revealing 
flaws as visible “pips” on a cathode ray tube. 


The method is sure, fast and low in cost. Curtiss- 
Wright can engineer and custom-build production testing 
installations to your exact specifications. Write Industrial 
and Scientific Products Division, Curtiss-Wright Corpora- 
tion, P. O. Box 270, Caldwell, N. J. 


*Convair-Fort Worth, A Division of General Dynamics Corporation. 


New Curtiss-Wright Immerscope (Model 424-A) 
protects quality of forgings, rolled plate, welded INDUSTRIAL AND SCIENTIFIC PRODUCTS DIVISION a 


tubing, extrusions and other metal products. 
Complete with controls for gate width and 
depth, alarm trigger, and sensitivity time con- 
trol. 400 w, 110-120 v, 60 cycle. 16”x 


Operates at 2.25, 5, 10, 15 and 25 megacycles. CORPORATION = CALDWELL, 
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Ramjet tailpipes withstand severe abuse. (Photo courtesy Marquardt Aircraft Company) 


MULTIMET Alloy Controls 
the Blast Ramjet Engines 


Tailpipes used to direct the searing blast of power in 
today’s ramjet engines must withstand temperatures in 
excess of 2000 deg. F, plus severe vibration. High-speed 
ramjets operate in the neighborhood of 1500 mph. At these 
high speeds, vibration is almost as serious a threat to 
tailpipe life as heat. Because of its strength at high tem- 
peratures, Muctimert alloy has given good service in tailpipes 


that vibrate as much as three inches. 


Ramjet tailpipes are made of Muutmer alloy sheet that 


is only 0.051 to 0.078 in. thick. The combined high-tem- 
perature strength and oxidation resistance of Muvrmet 
alloy permits the use of lightweight tailpipes with good 


heat-transfer properties. 


Muirmer alloy is one of many Hayvyes alloys capable of 
extending the life of parts used at high temperatures, For 
literature describing the properties of Haynes high- 
temperature alloys, get in touch with the nearest Haynes 


Stellite Company Office. 


HAYNES STELLITE COMPANY 
A Division of Union Carbide and Carbon Corporation 


UCC) 


General Offices and Works, Kokomo, Indiana 


Sales Offices 


Chicago - Cleveland - Detroit - Houston « Los Angeles - New York « San Francisco « Tulsa 


“Haynes” and “Muitimet’’ are registered trade-marks of Union Carbide ond Carbon Corporation 
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UDDEHOLM Sectional Die Steel 
in LARGE sizes 


Why machine a needed shape when Uddeholm can Sections ““H” and “J” photographed above 
deliver it to you in a Swedish quality tool steel? These are supplied in 10 to 12 foot random lengths, 
specially rolled sections save labor and machining time 34%” wide and 2%” high. Both are stocked in 
reduce scrap losses. And Uddeholm die steel sections are UHB Standard Quality Water Hardening Tool 
large-—-large enough, in fact, to be incorporated directly Steel, while section “H"’ is also stocked in 
into the design of massive blanking and forming dies, or UHB-46 Non-Deforming Oil Hardening Tool 
used for corner dies and power shear blades. Another Steel. Machining qualities of either grade are 
important feature—these sections are solid tool steel, excellent. Uddeholm’s Swedish mills have rolls 
permitting any part of them to be used as a working for all these sections—and the production facili- 
surface, Tool designers have used them successfully in ties to give you their usual prompt and efficient 
many applications—including blanking and forming of service .. . Uddeholm also stocks over 2800 dif- 
automobile “X"’ frame channels, blanking refrigerator ferent tool steel combinations of grade, shape, 
doors from sheet metal and other similar uses. size and finish. Just telephone us your needs. 


Write for New Tool Steel Stock List No. 12 


UDDEHOLM COMPANY OF AMERICA, INC. 


Tool and Die Steels Offices and New York: 155 East 44th Street, MUrray Hill 7-4575 
Specialty Strip Steels Warehouses Cleveland: 4540 East 71st Street, Dlamond 1-1110 
Los Angeles: 5037 Telegraph Road, ANgelus 2-5121 


District Repr es 
CHICAGO, Frank J. Mackin, Leroy E. Marshall, 55 East Washington, STate 2.1649 in Canada: Uddeholm (Canada) Ltd. 
DETROIT, Warren H. Nugent, 17304 Lahser Road, KEnwood 5.6340 35 Coronet Road, Toronto 18, BElmont 3-3235 
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“Our lab seeking work 
used turn away... 


we cut our 


analysis time to 
one-fifth with our 
NEW G-E XRD-5 

X-Ray Emission 
Spectrometer” 


HE above statement from a large 
steel foundry reflects the contribution 


of this versatile General Electric appa 


ratus to analysis programs in chemical, 
rubber and petroleum plants, as well as 
in metallurgy 

G.E.’s new X-Ray Emission Spectrom 
eter has proved far faster and more pre 
cise than wet methods for quantitative 
analysis of clements down to atomic 
number 12 (magnesium). And because 
the technic is non-destructive, re-runs 
can be made immediately without pre- 
paring another sample 

Whatever your analysis requirements 
— research, raw materials or quality con 
trol — this General Electric diffraction 
unit can be adapted to your exact needs 
Our x-fay representative near you will 


be glad to recommend the facilities best 


suited to your work load. Or write to 


X-Ray Department, General Electric 
HELIUM ATMOSPHERE and a flow- XRD-5S SPECTROMETER may be used exclu- c ompany Milwaukee 1, Wisconsin, for 
ing gas proportional counter help sively for chemical analysis or quickly rear- , ‘ : 
detect small atomic number elements. ranged as a diffractometer for crystal analysis Pub. AS-84, 


Progress ls Our Most Important Product 


GENERAL ELECTRIC 


AUGUST 1956 


a 
ae 
4 
193 


U. S. Pot. Off 


INDUSTRIAL Gas EQUIPMENT 


NO BLOWER OR connect to Gas surety 
OTHER POWER, BUZZER Equipment, a buy-word 
NEEDED “4 since provides the hottest 


ond quickest heating . . . without 
blower or power. Wide range of 
j turn down and heat control. You 
can depend on a BUZZER. 


i 
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A UTOMA TIC BUFFING 


For full details about Ahco Compounds 
for automatic buffing, write today to 
Apothecaries Hall Company, 20 Benedict 
Street, Waterbury, Connecticut. 


Send for complete 
BUZZER Catalog. 


CHARLES A. HONES, Inc. 


$O. GRAND BALOWIN, L. 


Mfrs. since 1911 


New Pangborn Hydro-Finish 


solves such cleaning problems as: 

* deburring * surface finishing 

* finishing threaded sections 

* improving cutting tool life 

* maintaining dies and molds 

* removing grinding lines 
* removing heat treat scale 
* preparing surfaces 


Pangborn has redesigned the Hydro-Finish for added 
efficiency and easier handling. Originating the use of air 
jet sluriators to eliminate pumps, the new Hydro-Finish 
represents a lower investment as well as a lower mainte- 
nance cost. Optional equipment simplifies overall opera- 
tion. Investigate Pangborn Hydro-Finish now! 

For full details, send for Bulletin 1403, now! Write to: 
PANGBORN CORPORATION, 1800 Pangborn Boulevard, 
Hagerstown, Maryland. Manufacturers of Blast Cleaning 
and Dust Control Equipment. 1-H 


BLAST CLEANS CHEAPER 
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HOW USS STEEL 
IMPROVES THESE PRODUCTS: 


28 Million Pounds of wet, abrasive coal are 


handled each day at this steam-electric generat- 
ing station. And USS “T-1”" Steel is being used 
at points of severe wear in coal chutes and 
hoppers, pulverizer feed pipes and exhaust 
pipes, and for liners of ash collectors. USS “T-1" 
Steel's durability under impact and impact 
abrasion, its great tensile strength and its good 
weldability are often essential in rugged coal 
handling equipment. USS “T-1" Steel can add 
service life and cut repair and maintenance 
costs in many types of heavy-duty equipment 


4 


UNITED STATES STEEL CORPORATION, PITTSBURGH 


+ COLUMBIA-GEWEVA STEEL DIVISION, SAW FRANCISCO - 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS, COAST. TO.COAST 


Screaming Cold. USS “T-1" Steel's amazing toughness and 


resistance to impact is serving “Operation Deepfreeze,” the 
U_S. Navy's current expedition to Antarctica. Skis for rugged 
cargo sleds are made from ',-inch plate of USS “T-1" Steel 
In addition to exceptional swenath 

weight) and sub-zero toughness, good forming and welding 
characteristics were needed. Only USS “*T-1" Steel met the 
requirements. The sleds were designed jointly by the U. S 
Navy and Otaco, Limited, Orillia, Ontario, Canada 


(needed to keep down 


Repair Reduces Downtime. ;,, this cont 


stripping operation, time costs more than 
any other item; and lost time, caused by 
breakage and wear of power shovel parts 
was costing far too much. So the owner, 
Putnam & Greene, Inc., Philipsburg, 
Pennsylvania, started using USS “T.1" 
Steel for repair work. As a result, size and 
weight of parts have been reduced, while 
durability has been improved substan 
tially. What's more, USS “T-1" Steel's 
good weldability speeds repair work 


Sizzling Hot. By redesigning with USS 
“T-1" Steel, crane hooks for 250-ton ladies 
at U. S. Steel's Edgar Thomson Works 
were reduced in thickness from 844 inches 
to 6 inches. The resulting weight saving of 
3 tons permits an increase in actual crane 
capacity, The ladles, too, were redesigned 
with USS “T-1" Steel. All told, the weight 
saved adds 20 net tons to the capacity of 
each new ladle 


How It Can Help You 


USS “T 1" Steel, with its high mini 
mum yield strength of 90,000 psi and 
its minimum tensile strength of 105,000 
psi, can help you design or build 
lighter-weight equipment that will last 
longer. Its unusual toughness can help 
you design or build equipment capable 
of taking heavy impact and abuse at 
sub-zero temperatures. Its excellent 
weldability can help you cut the cost 
of fabricating highly stressed parts, 
and to reduce repair and maintenance 
expense. Its good creep rupture strength 
can help you put more durability in 
equipment that operates at tempera- 
tures as high as 900 degrees F 
Somewhere in your operation, versa 
tile USS “T-1" Steel can help you 
Write, wire, or phone United States 
Steel, Room 5432, Pittsburgh 30, Pa 


TEWWESSEE COAL & 1ROW DIVISION, FAIRFIELD, ALA 
+ UNITED STATES STEEL EXPORT COMPANY, WHEW YORK 


CONSTRUCTIONAL ALLOY STEEL 


LET THE INSTRUMENT 
PROVE ITS VALUE TO YOU 
BEFORE YOU DECIDE 

PURCHASE 


See for yourself why more and more of our 
leading industrial firms, universities and re- 
search laboratories are turning to UNITRON 
microscopes. These remarkable instruments 
have dispelled the myth that unexcelled op- 
tical and mechanical performance is incon- 
sistent with low cost. Try one of these micro- 
scopes in your own laboratory for ten days. 
There is no cost or obligation. Verify its 
fine optical and mechanical performance. 


UNITRON Metallurgical Microscopes are 
chosen by such leading firms as. . . 


Union Carbide and Carbon 
Atomic 

General Motors 

American Smelting and Refining 
CBS-Hytron 

Sperry Products 

aytheon 

Arthur Little 

Corn Products Refining 
Sproque Electric 

National Bureau Standards 
International Nickel 

Firth Sterling 
Raybestos-Manhattan 

US. Dept. of Agriculture 
Colorado School of Mines 
General Electric 

American Brass 

Minneapolis- ulator 
Procter amble 

Glenn L Co 

E. |. DuPont de Nemours 
International Business Machines 
National Cash Register Corp. 


THIS COMPLETE CATALOG ON 
UNITRON MICROSCOPES IS 
YOURS FOR THE ASKING 


This colorful, MWiustrat- 
ed catalog gives com- 
plete specifications on 
all of the instruments 
briefly described on 
this page, as well as 
others which we 
know will interest 
= j you Send coupon 

: 3 below for your 
free copy 


| United Sctenttyc Co. 


204 Milk Street, Boston 9, Mass. 


Please send us your complete catalog on 
UNITRON Microscopes. 


UNITRON METALLOGRAPH 
and UNIVERSAL CAMERA 
Microscope, New Model U-11 


@ For visual observation. measurement, and 
of both opaque and trans- 
parent specimens. 


@ Bright feild, dark field, and polarized 
ittumination. 


@ Revolving nosepiece with 
lenses, 4 photographic eyepi 4 viewal 
Coa eee optics. 


@ Compact and entirely self-contained with 
© in 3%" 4%" camera, high-inten- 
sity iMuminater, variable transformer. 


@ The image is automatically in focus in 
the camera—transition from tion 
te photography is instantaneous. 


@ Transmitted light accessories for trans- 
parent specimens inctuded. 


@ Calibrated square mechanical stage with 
calibrated rotatable stage plate. 


@ Many other important features and 
sories inciuding calibrated polar 
apparatus, filters, micrometer 
flim holders, ete. Cabinet. 

Land Camera attachment; 35 mm 

attachmen t; low-power (5-40) 
tives; available at extra cost. 


COMPLETE UNIT only 1145 
fob Boston . 


BINOCULAR MODEL, BU-11 only $1319. 


UNITRON LABORATORY MODEL MMU 


UNITRON Model MMU pioneers several 
new features available for the first time 
and, in addition, includes features found 
only in instruments selling for well over 


transformer bullt inte microscope base. 
vertical iMuminateor with tris diaphragm 
and filters. 

ittuminator mounts on stage for oblique 
lighting. 

iMuminator mounts substage for trans- 
Parent specimens. 

coated optics. 

coarte and fine 

focusable stage. 


twice our unusually low price. For 
metals and other opaque specimens un- 
der both ordinary and polarized light. 
This model far surpasses the usual metal- 
lurgical microscope in versatility and 


makes an ideal all-purpose laboratory 
microscope. Its features include: ‘ COMPLETE. § 87. 


UNITRON STUDENT MODEL MMA 


UNITRON Model MMA is «4 complete 
and versatile metallurgical microscope 
priced at about the usual cost of an 
accessory vertical illuminator needed to 
adapt an ordinary microscope for work 
with opaque specimens. Model MMA 
offers many of the novel features of the 
larger Model MMU insofar as these 
features are not connected with the 
higher magnifications obtainable with 
an oil-immersion lens. Its low cost makes 
the MMA ideal for student use and 


HSX, PBX, 
routine laboratory investigations. its $ $1 49. 
COMPLETE only 


transformer built into microscope base. 
vertical illuminator with iris diaphragm 
iiuminator mounts on stage for oblique 
lighting. 

iMuminator mounts substage for trans- 
parent specimens. 

coated optics, 

single focusing controt 

substage S-hole disk diaphragm. 

frosted filter 

ae nosepiece with objectives 5X. 


features include: 


UNITRON Model MEC © oat id, frosted. 
erals, etc. It includes many @ gailbrated polarizing appara- 
mens. 28-1500X. PSX, Micrometer 
© yertigal Wumineter with iris fob Boston 


Binocular Model, only $493. 


@ coarse and fine focusing. 
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CLASSIFICATION OF MICROS 
Optical and Electron) 

Class 1. Irons and steels 

Class 2. Stainless steels and heat resisting 
alloys 

Class 3. Aluminum, magnesium, beryllium, 
titanium and their alloys 

Class 4. Copper, nickel, zinc, lead and their 
alloys 

Class 5. Uranium, plutonium, thorium, zir- 
conium and reactor fuel and control 
elements 

Class 6. Metals and alloys not otherwise 
classified 

Class 7. Series showing transitions or changes 
during processing 

Class &¢ Welds and other joining methods 

Class 9 Surface coatings and surface phe- 
nomena 

Class 10. Results by unconventional techni- 
ques (other than electron micrographs) 

Class 11. Slags, inclusions, refractories, cer- 
mets and aggregates 

Class 12. Color prints in any of the above 
classes (no transparencies accepted) 


RULES FOR ENTRANTS 


Work which has appeared in previous 
metallographic exhibits held by the 
American Society for Metals is unaccept- 
able. Photographic prints should be 
mounted on stiff cardboard; maximum 
dimensions 14 by 18 in. (35 by 45 cm.) 
Heavy, solid frames are unacceptable. 
Entries should carry a label on the face 
of the mount giving 

Classification of entry 
Material, etchant, magnification 
Any special information as desired 

The name, company affiliation and 
postal address of the exhibitor should be 
placed on the back of the mount. 

Entrants living outside the U.S. A. 
should send their micrographs by first- 
class letter mail endorsed “Photo for 
Exhibition—May be opened for customs 
inspection”. 

Exhibits must be delivered before 
Oct. 1, 1956, either by prepaid express, 
registered parcel post or first-class letter 
mail, addressed to 
ASM Metallographic Exhibit 
7301 Euclid Ave. 
Cleveland 3, Ohio 


AUGUST 1956 
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Entries are invited in the 11th ASM 
Metallographic Exhibit, to be held at 
the National Metal Exposition in 
Cleveland, Oct. 6 through 12, 1956. 


AWARDS AND OTHER INFORMATION 


A committee of judges will be appointed by the Metal Con- 
gress management which will award a First Prize (a medal and 
blue ribbon) to the best in each classification. Honorable Men- 
tions will also be awarded (with appropriate medals) to other 
photographs which, in the opinion of the judges, closely approach 
the winner in excellence. A Grand Prize, in the form of an en- 
grossed certificate and a money award of $100, will also be 
awarded the exhibitor whose work is judged best in the show, 
and his exhibit shall become the property of the American 
Society for Metals for preservation and display in the Society's 
national headquarters in Cleveland. 


All photographs may be retained by the Society for one year 
and ~~ in a traveling exhibit to the various Chapters. They 
will be returned to the owners in May 1957 if so desired. 


"NATIONAL METAL CONGRESS 
AND EXPOSITION 


CLEVELAND, OHIO OCTOBER 6 to 12, 1956 
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YOU CAN CUT INSTRUMENT DOWN-TIME for service from hours 
to minutes in most cases with an adequate supply of Bristol 
thermocouples and pyrometer accessories. 


on ++ 

" 


AS 


How much can 
interrupted pyrometer 
service cost you? 


Now’s the time to worry — before it happens —about what 
eee pyrometer service can do to your production 
schedules, cost figures, and quality controls. 

And now’s the time to lay in a supply of Bristol’s pyrome- 
ter a and accessories to cut down-time to a minimum. 
Bristol's complete line of thermocouples, protection tubes, 
radiation-unit accessories, refractory mounting 
fixtures, thermocouple wire, and extension wire, switches, 
ink, and charts, are available in a wide selection of inter- 
changeable sizes and types to fit all standard installations. 

They're backed by Bristol's 51 years experience in indus- 
trial pyrometry. We've built thousands of pyrometers for 
every application—in iron, steel, non-ferrous metal smelting 
and refining; in petroleum, chemical, ceramics, glass, paper, 
and food-processing industries and in power, heat and in- 
cineration utilities. 

You'll find these pyrometer sup- 
oo completely described in our 

-page Bulletin P1238, together 
with technical data on selection, 
installation, maintenance, and 
calibration. Write for your copy 
today. The Bristol Company, 155 
Bristol Road, Waterbury 20, Conn. 


FREE BULLETIN P1238. Tells how to 


select, install, calibrate and care 
for thermocouples and pyrome- 


ter accessories. 
Points the Way in 
Human-Engineered Instrumentation 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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10 temperature 
ranges cover from 


-75° to 3000°F. 


Several special 
ranges to -400°F. 


Cet. Ne. 4531 0/2500° F. 
Price $132.00 


Thermocouple type Automatic Pyrometer for controlling tem- 
perature in furnaces, ovens, and processes. The Simplytrol 
is economical and reliable with few moving parts. There are 
no vacuum tubes. The regular load relay is S.P.D.T. 5 Amps. 
Optional heavy duty relays to 40 Amps. 

10 temperature ranges cover from —75° to 3000" F. Several 
special ranges to —400° F. “On & Off” control for holding 
the desired temperature works on gas, oil or electric heat. 
Indicating meter-relay is medium high resistance and has 
bimetal cold junction compensation. For use with all stand- 
ard thermocouples. Accuracy 2%. 

“Auto-Limit” switch changes Simplytrol from automatic con- 
troller to limit pyrometer for safety shut down or warning. 
Cabinet: 6’2x6'2x9' inches. Also flush panel mount models. 
Send for new Bulletin G-7 for more data. Assembly Prod- 


ucts, Inc., Chesterland 38, Ohio. 
See us at WESCON SHOW, Aug. 21-24, Los Angeles 


PERECO | high temperature 


LECTRIC 
OVENS 


Recirculating 
0° to 1200° F. 


Model DRFH-13 


New! Multi-purpose! Another widely adaptable addition 
to the Pereco Electric Oven Line! This high temperature, 
recirculating-type Pereco Electric Oven provides a cham- 
ber area 40” w. x 24” d. x 24” h. for controlled work 
temperatures from 0° F. to 1200° F. 54%” graded super- 
duty insulation. Nichrome heating elements, open ribbon 
type. Completely self contained, including blower, built- 
in automatic temperature indicator-controller and other 
power controls in compact over-all size of 71” w. x 54” d. x 
62” h. and ready to connect to 220—3 phase power line 
(20 KW). 


WRITE 
TODAY 


Electric Furnaces and Kilns 


Check Pereco also for your lab, pilot plant 


FOR 
or small production furnace or kiln needs. BULLETIN 


PERENY EQUIPMENT CO. 


DEPT. Q, 893 Chambers Rd., Columbus 12, Ohio 
Export Office: Bessemer Bidg., Pittsburgh 22, Pa. 
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METALLURGISTS So easy to convert to 


Engineering liaison * Control Metallurgy 


Heattreat studies * Physical Test |! TZ INVESTMENT 


Controlled Atmospheres * Precision Castings 


* Ductile Iron Castings * Metallography CASTING. ee 


with Production 
* Conductive Coatings 

Ferrites, Ceramics, and Phosphors research — ie Savings 
* Magnetic and Luminescent Materials | hy 


Programs include control and analysis as well as basic and 
applied research at all levels of training and experience. 


Opportunities for advancement; finest 
in equipment and facilities; graduate 
study assistance. 


MANY OPENINGS NOW! 


Write or wire at once to: 


Scientific Personnel Director 
The National Cash Register Company 


cated of several 
components, now 
cast as an integral 
unit and used in the 


final assembly with 
o minimum of me. 


ing reduces tool- 
ing up... cuts down 
machining . . . conserves 
metal . . . eliminates as- 
sembly steps. 


Everywhere . . . Design En- 
gineers are making the quick, 
easy, economical switch from other 

processes to Investment Casting. 


More .. . Investment Cast parts need 
little finishing . . . thus cutting down on 


time ,.. and Investment Casting Compan 
carl mayer Hi-Temp, Recirculating Type tment Casting Company 


.. » casts to close tolerances . . . accurate in 


H E A T T R E AT - U R N A C i. S every detail in the production of parts and 


components. 


effect large savings in drawing, tempering, ageing, and heat 
treating of such products as bearings, billets, springs, screws, 


tools, gears, etc. in steel or aluminum. Continuous operation 

at fomperatures up to 1200° F. Temperature uniformity guar- INVESTMENT CASTING co. 
anteed! Gas, oil, or electric fired. 60 BROWN AVENUE 
SPRINGFIELD, N. J. 


Write for Bulletin HT-53 


3030 EUCLIO AVENUE CLEVELAND 15 
OTHER PRODUCTS: Core & Mold Ovens * Red Bakers + Paint and Ceramic 
Drying Ovens + Special Processing Equipment & Accessories 
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Dayton, Ohio Site. 
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mee ‘Su | process—in the size and type 
; your production furnace problems 
THE ELECTRIC FURNACE CO. 
Gas Fired, Oil Fired and Electric Furnaces 


‘dag’ dispersions... touch does so much! 


=~Colloidal Graphite 
SaveS *25,000 a year 


on the dies, only one blow was 
needed to go from upset billet to final 
blade shape. Besides eliminating the 
second hammer-blow previously required, 
intermediate descaling and reheating 
operations were also avoided... for a 
total yearly saving of some $25,000 

on this single operation. 


Both oil-based and water-based ‘dag’ 
Colloidal Graphite dispersions are 
widely used in forging operations. Diluted 
and sprayed on the dies, the colloidal 
graphite forms a slick lubricating 
film... protects the expensive dies and 
improves metal flow during forging. 


Pretreatment of new dies with 
‘Aquadag’ — colloidal graphite 
dispersed in water — has paid off 
handsomely, too. Some firms estimate a 
50% greater usable life from forging 
dies given this protective film 
of colloidal graphite before being 
put into service. 


The benefits of ‘dag’ dispersions for 
forging and other metalworking 
applications are discussed in Bulletin 426, 
Ask for your free copy. 


& 
ACHESON 
COLLOIDS 
COMPANY 


PORT HURON, MICHIGAN 

also Acheson Colloids Ltd., London, England 
ACHESON COLLOIDAL DISPERSIONS: 
Graphite © Molybdenum Disulfide © Zinc Onide 
Mica and other solids 


Aquedag' are regietered trademarks of Acheson 
inv 


Acheson Colloids Company 
Port Huron, Michigan, Dept. C-8 


Yes, | want your free bulletin describing 
‘dag’ Dispersions for Metalworking. 
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